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SUBJECT: Transmittal of Technical Report D-77-45 
TO: All Report Recipients 
1. The work reported herein was undertaken as Work Unit 1Dl2 of Task 
lD, Effects of Dredging and Disposal on Aqua.tic Organisms, of the Corps 
of Engineers' Dredged Material Research Program. Task lD is a part of 
the Environmental Impacts and Criteria Development Project (EICDP), 
which has a general objective of determining on a regional basis the 
direct and indirect effects on aquatic organisms due to dredging and 
disposal operations. The study reported herein was part of a series of 
research contracts developed to achieve the EICDP general objectives. 
2. The specific objectives of this research were (a) to determine the 
acute impact of hydraulic pipeline dredging and disposal on a freshwater 
benthic community, (b) to document the effects of the fluid mud layer 
associated with the dredged material discharged on these biological 
communities, and (c) to evaluate the persistence of the impact and the 
recoverability or resiliency of the biological communities. The site 
chosen for this investigation was the Jordan Point-Windmill Point 
channel of the James River, Virginia. The organisms studied were 
associated with a tidal freshwater benthic community. Specific goals 
included investigation of the physical behavior and biological effects 
of fluid mud resulting from the disposal operation and subsequent 
smothering of benthic organisms in its path. This study was conducted 
as an adjunct to more extensive studies on the physical properties of 
fluid mud at several estuarine sites as part of DMRP Task 6C, Turbidity 
Prediction and Control (Work Unit 6C07). 
3. The results indicate that the benthic community, dominated by 
oligochaetes, chironomid insect larvae, and the Asiatic clam Corbicula, 
was acutely impacted by the disposal. The impact was noted by reductions 
in the fauna and was proportional to the accumulation of dredged mate-
rial. Low sediment bulk density (i.e., fluid mud), low dissolved 
oxygen, and some possible unknown factors (release of toxins) were 
probable contributors to the impact. Insects and small clams were most 
affected; oligochaetes were relatively unaffected. Due to the resilience 
and opportunistic nature of the fauna, the site ~as recolonized within 
three months. 
WESYV 31 January 1978 
SUBJECT: Transmittal of Technical Report D-77-45 
4. It is recommended that fluid mud from different types of dredged 
material be assessed and that practices which minimize the formation of 
fluid mud be established. Particular attention should be given to 
bottom topography and tidal currents in order to minimize spread. 
Disposal site selection could then consider likely biological community 
responses and impacts on the most sensitive or valuable communities 
could be avoided . 
5. The information and data published in this report contribute to a 
further understanding of the complex nature of sediment, water, and 
physical/biological interactions and establish a baseline from which 
to develop meaningful evaluations for the selection of an environmentally 
compatible disposal alternative. It is expected that the methodology 
employed in this study and the resulting interpretation of the physical / 
biological interactions will be of significant value to those concerned 
with CE dredged material permit programs. 
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Colonel, Corps of Engineers 
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SUMMARY 
Maintenance dr edging of the Jordan Point - Windmill Point naviga -
tion channel of t he James River , Virginia , in July 1976 r esult ed in t he 
unconfined open- wa t er pipeline disposal of f i ne- gr a ined dredged ma t eria l 
on an a dj ac ent shoal s i te. This provided an opportunity t o s tudy t he 
phys ical behavior and biologi cal e ffects of f luid mud r esulting from t he 
di s po sa l operation . Fl u i d mud driven by gr av i t y or tidal current s could 
spread far out s i de t he intended disposal area , smothering b ent hic organ-
i sms in it s path . The large quant i ty of fluid l ow-bulk-dens i t y sediment 
of t en produced by the di spo sa l operat i on pr esent s uni que biol ogi cal 
problems not associated with turbidity or buria l by more consolidat ed 
material . 
Thi s report pres ent s the r esults of a pilot s tudy cons i sting of a 
fie l d a ss essment of the effects o f f luid mud on tidal f r eshwat er bent hic 
communities at the Windmill Point disposal s i te . The s tudy was con-
ducted a s an a dj unct t o more extensive studi es on the physica l prop-
ert i es of fluid mud at several estuarine s i tes conduc t ed f or the u. s . 
Army Engineer Waterways Experiment Station by t he Virginia I nstitute of 
Marine Sc i enc e . 
The benthic community at the disposal shoal before the d i sposal 
operation was charact erized by a low-divers i ty fauna domina t ed by 
oligochaet es , chironomid i nsect l a rvae and the As i atic clam Corbicula. 
The disposa l operat i on did have an acute impact on t he benthos caus ing 
r eductions in the fauna in proportion to the amount of dr edged materia l 
a ccumulat ed . Low s ediment bulk dens i ty , l ow di ssolved oxygen and pos -
s ibl y other unmea sured f actors ( e . g . mobilizat i on of toxins ), all may 
have contributed to t he mea sured e f fect s . Flui d mud , which may mov e 
beyond t he bounds of the di s posal s ite , interferes with s upport, feeding 
a nd r espi r ation of b ent hic or gani sms . All t axa were affec t ed but t he 
insec t s wer e most a ffec t ed , fol lowed by small Corbicula. Oligochaet es 
wer e rel atively unaffected and s ubsequent l y became more abundant at t he 
di sposal site t han a t the ref er enc e s i te . 
The res ilient and opportuni stic natur e of the fauna buffer ed the 
2 
impact of the d i sposal operation in the tidal freshwater James River. 
All but a few of the more sensitive insect species had repopulated the 
site 3 months after disposal, mainly through immigration of individuals 
from the surrounding unaffected areas. CorbicuZa recolonized by setting 
of planktonic larvae . 
The potential for the creation of fluid mud from different types of 
dredged material and dredging methods needs to be assessed, so that 
pract ic es which minimize the formation of fluid mud can be established . 
The relative susceptibility of various communities to the effects of 
fluid mud s hould be studied in order to help guide disposal site 
selection. 
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PREFACE 
This report presents the r esults of an invest i gation to assess the 
impact of f luid mud produced by unconfined open-water pipeline disposal 
of fine-grained dr edged material on the macrobenthic community in the 
James River Windmill Point area, Virginia. This study was conducted as 
part of the Dredged Material Research Program (DMRP) which is sponsored 
by the Offic e , Chief of Engineers , U. S . Army, and i s being managed by 
the Environmental Effects Laboratory (EEL), U. S . Army Engineer Water-
ways Experiment Station (WES), Vicksburg , Mississippi. The investiga-
tion was conducted under Contract No. DACW39-75-C-0121 to the Virginia 
Institute of Mar ine Scienc e , Gloucester Point, Virginia. This report 
was prepared by Robert J . Diaz and Donald F . Boesch, and has been des-
ignated by the Institute as Spec i a l Report in Applied Marine Science 
and Ocean Engineering Number 1 53 . 
The authors would like to ac knowledge J. Hauer , L. Stone, and 
C. Scott for field coll ect i on and processing of samples and S . Sterling 
for typing the manuscr i pt . 
The report was prepared for the Environmental Impacts and Criteria 
Development Pro j ect of the DMRP (Dr. Robert M. Engl er, Project Manager) 
as part of Task lD, "Effects of Dredging and Disposal on Aquatic Organ-
i sms ." The contract was monitored by Dr. Richard K. Peddicord under 
the general supervi sion of Dr. John Harrison , Chief , EEL. 
COL J. L. Cannon, CE, was Director of WES during the period of this 
contract and Mr. F. R. Brown was the Technical Director. 
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CONVERSION FACTORS, U. 3. CUSTOMARY TO METRIC (SI) 
UNI'l'S OF MEASUREMEN'I' 
TJ. S. customary units of measurement can be converted to metric (SI) 
units as follows: 
Multiply 
feet 
miles (U. S. nautical) 
cubic yards 
By 
0. 30Lf8 
1.852 
O. 76455lr9 
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To Obtain 
metres 
kilometres 
cubic metres 
IMPACT OF FLUID MUD DREDGED MATERI AL ON BENTHIC 
CO:MMUNITIES OF THE TIDAL JAMES RIVER , VIRGI NIA 
INTRODUCTION 
1 . A major concern about open- water disposal of dredged materi a l 
is its impact on the benthic biota in the disposal area . I deally t he 
extent of such impacts i s confined within prescribed di sposal s i tes . In 
practice , however , it i s often difficult to control the ult i mate distri-
bution of the dredged mater i al, such that potent i a l impact s t o the 
benthos may extend wel l outside the confines of the di sposal s i te . Thi s 
is particularly the case with very fine, unconsolidated sediment often 
generated by maintenance dredging . Such material may f l ow in conc en-
trated suspens i on along the bottom driven by gravi ty or t i dal currents . 
This so- called " fluid mud" has the potential to smother any benthos it 
may cover . Fluid mud is a rb i trarily defined as sedi ment with bul k den-
s ity of l ess than 1 . 3, high water content and suspended conc ent r ations 
higher than 10 g/1 (Nichols et al . 1977) . 
2 . This report presents the results of a pilot field study assess -
ing the effects of fluid mud on tidal freshwater benthi c communit i es in 
the James River, Virginia (Figure 1) . The study was conducted as a n 
adjunct to more extensive studies on the physical propert i es of f l u i d 
mud at several es tuarine sites by Nichols et al. (1977). 
3 . The goal of this s tudy was to provide a semi quant i tative esti-
mate of the effec ts on the natural benthic communit i es of fluid mud 
resulting from disposal of material removed by maintenance dredgi ng 
from the Jordan Point - Windmill Point navi gation channel . The limited 
effort involved in t hi s study did not permit a r i gor of des i gn necessary 
for highly quantitative assessment s . Rather, it was intended to eval-
uat e the feasibility of the approach and to determine whether t he det ec -
tion of effects was possible under the boundary condit i on of a naturally 
highly stressed community . 
4. The area studied was a silty shoal environment near Bucklers 
8 
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Figure 1. Location of study site in the tidal James River 
Pr)ir1t ln the James Ri ve.c, Virginia. During the past 15 yea.cs the c:,rea 
has becm Lhe slte 0f many open-water unconfined disposal 0pe:cations 
(Figu.ce 2). 'l'his section of the rive.c is influenced l.1y tirles but it is 
2rJ to 25 m.1.utic/J.l milc::;·lf upri ve.c of the current estua.cine-freshwater 
t.caw::;ition. '11he river· bottom is inhabited by a low-diven;ity mar~ro-
rJenthic corrrrnunity domirnted by 'Jlig0chaetes, c.hi.conomid larvae and the 
.l\.f;i,.Ltic: clam Corbicula man{ lenc-ic ( ,Jensen 197h; Diaz 19T(). Detailed 
rlescr·ipLiow; of the mare;r)b•:ntho,; at ne•.1rby Windrnill Poinl~ can be found 
in Diaz and Boesch (1977Q, b). 
(J 
D Prc·vinric; ,Jj :p•)_.;;i] ;1r~· 1.; 
llIDJ lJii:pn:;·1! ll"l''I - tid; ;-;Ltlr!Y 
,; Lte 
1/, 
Figure 2. ~]i tr~~; of recent dredged material disposal 
in the v/inrlmill Point area 
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A tatl1:: r.1f factor·::; fo.::· converLinc; TJ. ~- customary units of measure-
ment to metric (~I) units is presented on page 7. 
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IJ1.A.'rERIAL8 AND ME'I'HOD8 
f~amplinr~ De::; ir;n 
5. Pre-operational benthic ma.croinverte11rate sampling site::; wer e 
located on the most proba.tle pA.ths of the fluid mud. After the result-
in,~ fate of the drcde;cd material was determinE:d by Nichols et al. ( 19T() 
the ,~a.rn11lin0 si tcs were 3 tratified CL p0.6.teJUO!U based on the total th i_c]:-
ness of dredr;ed material deposited on the previous shoal ( Fir.;ure 3). 
Im1:bility to pr':!dic L the exact dis i~ri but ion of the dredged material le•l 
to an irnb,:tlance of information in the stratified des i gn with some st:r"1,i,u 
hav in r.; more s~ mplin[~ sites th~•.n others. 'I'his did not hinder the evalu:1,-
tion o· fluid mud cf fee ts but precluded the use of many parametric s ta-
tistical technir-1.ues thut require u more equitabl e distribution of data. 
6. A transr::ct was nm s Lartinr; 135CJ m downs t ream from the end of 
th,.:: r1larmcd dic;posul site and r~arallel to the channe l (Figure J). In 
Buckler's 
Point 
.. :. · .. : ... : . . ... 
. ·. · ... : · . ··-. .·: ·.·. -:.·.· .... ·: ·.·.· .·· ... 
Di,;chctr<Jc P0i1,t 
\ 
• 5 
.ril Buoy 
" 90 
6~0~' A 3 
• • • 1 
l 
• • 1. 6 
2 
8 3 0.9 
5 
s • 
200 m 
_ ___ Ch.E!_ nn~l _ _ 
'j . 
July 1 A • Pre-Operation 
Ju l y 26 S + 1 Day after " 
Augus t 13 B a 3 Weeks 
October 20 L 6 J Months " " 
Figure: 3. Location of benthic sampling sites on the disposal :.;hoal. 
Contours indicate the thickn ess of fluid mud on Jul y 2G 
11 
the area of the di scharge point the transect t urned and ran perpendic-
ular t o the cha nnel out toward channel buoy 90. Stations were scattered 
a long the transect a nd not kept a t fixed s i tes . This insured that the 
fluid mud and newly depos ited mat erial would be adequately sampled . 
7 . To provide a r efer ence t o pre- disposal condi tions of both sed-
iment s and benthic communities , the disposal shoal was sampl ed l July 
1976 , 11 days befor e the s t art of channel dredging . The day after the 
di sposal operation ended, 26 July 1976, the shoal was resampl ed to deter-
mine the species that quickly r ecol onized or survived in the disposal 
area . On 1 3 Augu st, 3 weeks after disposal , and 20 October , 3 months 
aft er di sposal, the s hoal was r esampl ed to monitor r ecoloniza tion 
(Figure 3 ). 
8 . Aft er the di sposal s hoal was sampled , each benthic sampling 
s ite was clas s ified based on acoust ical thicknes s a nd visual fluff meas -
urement of fluid mud made by Nichols et al . (1977) . Five strata were 
chosen corresponding to fluid mud thickness es of l ess than 0 .1, 0.1 to 
0 . 3 , 0 . 3 to 0. 9 , 0 . 9 t o 1.6, and gr eater t han 1. 6 m above the bottom 
contour before the di s pos al operation. A referenc e s ite was l ocated 
1 65 0 m upriver fr om the disposal s ite out of t he inf luence of any fluid 
mud (Figure 1). All s amples within each stratum were then pooled to 
evaluat e the effect s of fluid mud di spersal . The number of sampling 
s it es a nd repli cat es in each stra ta are compiled in Table 1. 
9 . Three 0 . 05- m 2 Ponar gr abs taken at each sampling s i te . were 
Aft er r emoving 40-50 g of s ediment with a 10-cm- long , 2 . 5- cm- diam core 
tube for gr a in- s ize ana lys i s the remainder of the sampl e was placed in 
a pl astic bag and r eturned to the l aboratory where it was was hed t hrough 
a 0 , 5-mm s i eve . The r etaine d portion was then placed in 5-10 percent 
buffer ed formalin with a vita l s tain (phl oxine B). Later, the sampl es 
wer e micros copica l ly examined a nd the animal s present sorted into ma jor 
t axonomic gr oups a nd pl aced in 70 percent ethanol for later identifica-
tion and enumeration. 
10. Perc ent sand , s ilt, and clay were determined by s i eving and 
pipet te a nalys i s f ollowing procedures of Fol k (1968 ). Sediment descri p-
tions r ef er to the Udden-Wentworth classification (Pett ijohn 1957). 
12 
Total solids and volatile solids were determined for the 26 July a nd 
20 October samples and for one of the 13 August samples in accordance 
with procedures of Standard Methods (American Public Health Associa tion 
1971). The amount of detritus, or light material retained on a 0.063-mm 
screen including vermiculite, mica, plant roots, leaves and stems, was 
determined and expressed as a percent of the total dry wei ght of the 
sediment . 
11. Dissolved oxygen and temperature were measured 0.5 m from the 
sediment surface at each sampling site with a YSI model 54 oxygen meter . 
Oxygen measurements were not taken in October (3 months after disposal) 
because the meter malfunctioned. 
Numerical Methods 
Diversity index 
12 . Species diversity was measured by the commonly used index of 
Shannon (Pielou 1975), which expresses the information content per indi-
vidual. The index denotes the uncertainty in predict ing the spec ific 
identity of a randomly chosen individual from a multispecies assemblage. 
The more species there are, and the more evenly they are represented, 
the higher this uncertainty. The index is given by: 
s 
H' - - L p.log2p. i=l l l (1) 
wheres= number of species in a sample and p. = proportion of the i-th 
l 
species in the sample. Species diversity, particularly as expressed by 
the Shannon measure, i s widely used in impact assessments and may cor-
relate well with environmental stress (Wilhm and Dorri s 1968 ; Armstrong 
et al . 1971; Boesch 1972). More adverse and stressful environmental 
conditions often exhibit lower species diversity a lthough this relation-
ship is often not simple (Goodman 1975; Jacobs 1975). 
13. As considered above, species diversity is a composite of two 
components: species richness, the number of species in a co~nity~; ____ ___ 
f ·, LIBRARY 
1 3 
and evenn_ss, how the individuals are distributed amone; the species. 
'l'wo measures of species richnes::; were used : the number f species per 
unit area (in this case 0.05 m2 ) or areal richness, and the other a 
meas ure standardized on the basis of t he wi ze of the sampl e in terms of 
numbers of indi viduals: 
SR= (S - 1) 
log N 
e 
( 2 ) 
where 8 = number of species and N = number of individua l s in a sampl e . 
Evenne::;s was expressed as (Pielou 1975): 
where I-I ' i s determined by equat i on ( 1). 
Si milar i ty coeffici ent 
(3) 
14. Qua litativ and quantitative similarity measures were cal-
cula t ed between sampling sites and averaged by stratum to detect any 
changes i n community s tructure. When the coefficients are 1 (or very 
c l ose to i t ) t he s ites compared are identical; when O (or very close to 
it) th s ites have no s peci es in common. The qualitative (based on 
spec i es pr esenc e / absenc e ) s imilarity coefficient chosen was the Dice 
(Sor ensen) coefficient (Goodall 1973) calculated as: 
2a 
Dij = 2a + b + c ( 4) 
wher e a i s the number of species occurring at both sites i and j , b the 
s pecies occurring at s it e j only, a nd c the spec i es occurring at site i 
nly. The quantita tive (bas ed on patterns of species abundance ) coef-
f ici nt chosen was the Bray- Curtis (or Czekanowski) coefficient (Goodall 
1973) calcula t ed a s : 
14 
Ix .. E i 
= 1 - E 
i 
Jl 
(x .. + X .) kl 
( 5 ) 
Jl 
where Sjk is t he s i milarity betwee n collections at s t ations j a nd k , 
xj i i s the abundance of the i-th species at s t ation j,and xk i the abun-
dance of the i - th species at s tation k. To dampen the sens itivi t y of 
the Br ay-Curt i s index to the numerica l ly dominant spec i es , a ll ab solute 
abundance s were log- trans formed as : 
y = ln (x + 1 ) 
An advantage i n us ing these two coeffici ent s i s that the Dice coeffi-
cient i s the binary equivalent of the Bray- Cur ti s coefficient . 
Numerical classifi cation 
(6 ) 
1 5 . Numerical c l a ss ificat ion was a l so used to eval uate cha nges i n 
species compos ition a t s t a tions through t ime . The rel ationsh ips between 
s t at i ons wer e studied by computing the Bray-Cur ti s index as given i n 
e quation (5). The s t a tions we r e clus t er ed based on the result i ng resem-
bla nce matr i x express ing r el ationships in the fo r m of a dendrogram . The 
dendrogr am graphically depicts the interrel ationshi ps among the samples 
in a hi er a rchia l f ash i on . The cluster s or groups produced by the c lus-
t ering algorithm do not have an ob jective ex i s t ence but are rather a 
property of the numerica l proc ess and data set (Wil l iams 1971). 
16 . Clus t er creation and interpr et ation must cons i der the above 
f actor s . Even though t he t echnique is obj ec t i ve , it s applicat ion and 
inter pret ation can b e rather subj ect ive . The f l ex i ble sort ing strategy 
was chosen because of it s mathemat ica l proper t i es and prov en usefulness 
in ecol ogy (Boesch 197 3 ; Clifford and Stephenson 1975 ). The cl uster 
int ens ity c oe f f icient 6 was set a t -0. 25 , wh i ch effects moderately 
intense c l u st ering . 
1 5 
RESULTS 
Sediments 
Di sposal operation 
17. A hydraulic cutterhead dredge started maintenance dredging of 
the navigation channel above Windmill Point on 11 July 1976 a nd was in 
more or l ess continuous operation up to 25 July 1976. The dredge re-
moved 219,810 cu yd of material, based on the l og kept by the dredge 
oper at or s , a nd di sposed of it on a submerged shoal east of Buckler s 
Point (Figure 2) . The movement of the dredge discharge pi pe was con-
fined t o a c ircle approximately 100 min diameter throughout the 
oper a tion . 
18. The disposal operation produc ed l arge quantities of fluid mud; 
r oughly 676,000 m2 was cover ed by more than 0.1 m and about 49,000 m2 by 
mor e than O. 5 m of dr edged ma terial. The maximum depth of fluid mud, 
2 .1 m, was r ecorded 26 July, the day after the operat i on s topped (Nichols 
et a l . 1977). By 21 September 1976 the maximum he i ght of the mound of 
fluid mud was still 2 m. 
Gra in s ize 
19. Pre-disposal sediment s on the disposal shoal were ma inly s ilt 
with small amount s of very fine sand. Only s it es A2 and A6 had appre-
c iable quantities of s a nd . The distribution of sand over the area prior 
t o di sposal was very patchy a nd variable . One day after the dredging 
oper ation was complet ed, 26 July, the sediment s were finer grained , with 
clayey- s ilt and s ilt pr edominating over the disposal shoal. Sampling 
s it e S2 nea r s it e A2 was t he sa ndiest, being classified as sandy- s ilt. 
About thr ee weeks later, 1 3 Augus t, the sediments were st ill finer 
gr a i ned tha n befor e the di sposal operation . The sandi est site was B2 
l ocat ed in a n a r ea which r ece i ved up to 1. 6 m of dredged material. 
There was a decrease in aver age c lay content from 16.9 percent on 26 July 
t o 5 . 5 percent i n Augus t . Three months after the disposal operat i on , 
20 October, t he sediments were s till differ ent and fi ner grained than 
under pre- operat i on conditions . In Oc tober s ilt was predominant and 
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onl y sediment at s it e L8 was sandy- s ilt (Tabl e 2). The grain-size 
change should b e interpreted with caution . The grain-s i ze determina-
tions made after the disposal operation may be biased toward coarser 
sizes due to l oss of f luid mud through the 0. 5-mm screen in the top of 
the grab; thus , the sediment sampl e may have consisted of a mixture of 
fluid mud and the underl ying substra te. 
20 . Sediments at the reference site wer e clayey-silt in July and 
became silt i er in August and October. In general the sediments on the 
disposal shoal became finer and more homogeneous after the disposal 
operation. Mean sand, s ilt and clay percentages and the ir standard 
deviations for the disposal shoal for each sampling period are : 
Sand Silt Clay 
Pre- operation : X 22 . 8 64.4 12.8 
SD 22 . 0 19.8 3. 9 
1 day after : X 9 .8 73. 3 16. 9 
SD 8.o 9.2 5. 6 
3 weeks after : X 9. 9 84. 6 5. 5 
SD 8 . 5 8.2 1. 7 
3 months after : X 11. 3 82 .2 6.4 
SD 11. 2 11. 6 1. 2 
21. When the sediment parameters were averaged within a sampling 
period and fluid mud thickness stratum , no apparent pattern of change 
occurred with increas ing depth of fluid mud . The most obvious changes 
occ urred b etween sampling periods (Tabl e 3). 
Total and volatile solids 
22 . Total and volatile solids measurements may not refl ect the 
true solids content of the surface sediments . The Ponar grab penetrated 
deeply in the watery fluid mud disrupting the surface portions by squeez-
ing them through the top screen, causing the total solids measurements 
to be higher than they really were . It i s not known what effect this 
had on volatile solids . 
23 . Total solids concentrations were lowest 1 day after the dredg-
ing ended in areas that r ece ived a total thickness of 0.3 to 1.6 m of 
fluid mud. Three weeks l ater total solids had increased in these areas . 
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Thr ee months aft er dredging there was no pattern in total solids measure-
ment s and the values wer e s imilar to those of 26 July in areas that re-
c eived l ess tha n 0.3 m of fluid mud (Table 3 ). 
24. Aver aged volatile s olids, a general indication of organic 
content, wer e homogeneous over the area , ranging from 10.0 to 12.3 per-
c ent. The highes t value occurred in the area that received over 1 . 6 m 
of fluid mud. Vol atile solids were slightly higher in October than in 
July. 
25 . The det r ita l c ont ent of the sediments ranged from 0 . 0 to 13.4 
perc ent. The aver age amount of detritus increased with each sampling 
period but when aver aged by thickness of fluid mud there appeared to be 
no pat tern (Tables 2 a nd 3 ). 
Di ssolved Oxygen a nd Temperature 
26 . Bottom wa t er temper a ture on the disposal shoal in July was 
28°C; in Augu st it had dr opped one degree and was 14°c in October . 
27. Pr e-di s posal di ssolved oxygen levels on the disposal shoal 
wer e high, av eraging 6 .7 mg/1 or 85 percent of the saturation value 
(Amer ican Public Health Association 1971). The first day after the 
dredging ended there was a horizontal gradient of dissolved oxygen with 
the lowest value s in the area that received the most dredged material 
(Table 3 ). In August di ssolved oxygen was 96 percent of saturation at 
the r e f er enc e s ite a nd s lightly lower over the disposal shoal averaging 
81 perc ent of saturation. 
Fa una 
Gener a l 
28 . The 117 grab s from the entir e pre- and post-dredging survey 
pr oduced 10 , 537 ind i v i dua l s (Appendix A) representing 44 taxa (Appendix 
B) . The breakdown by sampling per iod was a s follows: 
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Grabs Taxa I ndividuals Ind./m 2 
Pre-operation 30 29 3534 2356 
1 day after 33 30 1882 1141 
3 weeks after 27 19 2739 2029 
3 months aft er 27 28 2382 1764 
Oligoc haetes were most numerous comprising 7 5 percent of all the individ-
uals in the collections . The genus Limnodrilus, which was represented 
by at l east 3 spec i es , compri sed 89 percent of a ll the oligochaetes . 
The most spec iose group was the Chironomidae represented by 1 5 t axa and 
possibly more. Because of the difficulties in making spec i es determina-
tion, several groups known to contain at leas t two species were lumped 
as one (i. e . Chironomus spp .) . Even though the Chironomidae had the 
most species, it comprised onl y 9 . 5 percent of the individuals in the 
collections a nd one genus , Coe lotanypus, comprised 62 percent of the 
chironomids . Bivalves had 5 t axa representing 11 percent of the individ-
ua l s , and small ( <10- mm) Corbicula manilensis made up 95 per cent of the 
bivalves . In summary, oligochaetes , Chironomidae and bivalves c ompr i sed 
99 perc ent of the individuals and 31 taxa (7 0 perc ent of the total taxa), 
with three genera (Limnodrilus , Corbicula, and Coe lo tanypus) maki ng up 
87 perc ent of the individua l s while including only 7 taxa (16 percent of 
total). The percentage breakdown of major taxa a nd individuals i s con-
tained in Table 4 and of major taxa and species in Table 5 . 
29. The 9 spec ies occurring at 18 (46 percent ) or more of the 39 
s ites sampl ed were considered the over all dominants f or the collections . 
The next 15 t axa were considered moderately common and the last 20 rare 
for the collection (Table 6). Only the distributions of the 24 dominant 
a nd moderately common t axa will be considered in detail . 
Di stribution of dominant s 
30 . Limnodrilus spp ., the most common taxon in the tida l fresh-
water James River (Kos s et a l. 1974; Diaz a nd Boesch 1977a), typified 
t he response of the domi nant species . At the reference site it averaged 
2480 individua l s /m2 before disposal a nd 1265 individuals/m2 for the four 
collection periods. The number of Limnodrilus spp . per grab was varia-
ble but a lways high at the reference site and in pre- disposal s amples . 
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The day after the disposal oper ation ended, the r e was a decline in the 
number of Limnodr i lus spp . in areas t hat ha d r ec eived a 0 . 3-m or gr eater 
thickness of f l u i d mud . In the a r ea of gr eat est fluid mud accumula tion 
Limnodrilus spp . were virtually ab s ent the day after di sposal with only 
7 individual s /m2 . Three weeks aft er di sposal Limnodrilus spp. ha d ex-
h i b i ted great r ecov er y with aver age population dens ities only slightly 
l ower t ha n pr e-disposal or r efer enc e dens ities. Three months after dis-
posal ave r age dens i t i es were very close t o pre-di sposal dens ities. The 
lowest dens i t i es of Li mnodrilus spp . consis t ently occurred in the area 
overl a i n with 0 . 9-1. 6 m of f l uid mud (Table 7). 
31. Dens i t i es of Li mnodrilus hoffmei s t eri bef ore disposal were 
fairl y uniform av er aging 238 individua l s /m2 . The f irst day a f t er dis -
posal c eased , dens i ties had dropped at t he r eference site a nd ar eas tha t 
were covered with gr eater t ha n 0 . 3 m of fluid mud. ~he low dens ity at 
the reference s i te i s difficult t o expla in, but could have been caused 
by spat i a l heterogene i t y, b i ased sampl es , or e rrors in sampl e pr oce s s ing . 
What ever the r eason, 3 weeks l a t er dens ities a t the reference s ite were 
a t pr e- operat i on l ev el s . The high d ens ity of L. hoffmeisteri in the 
area r eceiving a t hickness of 0. 9-1. 6 m of f luid mud could also have 
sev er a l explanat ions . The worms may have been able to keep contact 
with t he sediment surfa ce by burrowing up throu5h the fluid mud or at 
leas t have kept within 30-40 cm of the sur f ace where they could be taken 
by the gr ab . Si nc e the d i s posal oper ation took 15 days the actual "age" 
of the surface sediment s could r eali s tic ally be anywhere from 1 to 15 
day s a t the time of s ampling . So , i f the area sampled on 26 July had 
b een covered several days pr ev iou s ly, the L. hoffmeisteri could have 
been recruited as adult s . Dens i t i es 3 weeks a ft er disposal wer e all 
high , the a verage being the h i ghest of a ll four collections, indicating 
a r ap id r ecovery or a higher pr oporti on of Limnodrilus spp . (thought to 
be prima r ily immature L. hoffmei ster i ) maturing fo r t he fall spawning 
peak . 
32 . The aver age r a tio of L. hoffmeisteri to Limnodrilus spp. was 
fair l y constant i n July at _0 . 25. In Augu s t ( 3 weeks a f ter di sposal), 
the ratio increased to 0 . 34, due t o a n inc r ease in the population of 
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mature worms. By October the ratio had decreased to 0 . 07 from both a 
decrease in the popul ation of mature worms, which had spawned, and a n 
increase in the number of immature LirrmodriZus (Tabl e 8) . Average popu-
lation density was lowest 3 months after disposal in both the referenc e 
a nd disposal areas indicating a seasonal decline in adult LirrmodriZus. 
The absence of L. hoffmeisteri from the >l . 6- m stratum and decreas ed 
numbers in areas receiving fluid mud thickness of 0.3-1. 6 m the first 
day after di sposal are most certainly due to the d i sposal operat i on 
(Table 7). 
33 . IlyodriZus templetoni responded in a manner s imilar to L. 
hoffmeisteri with high pr e-operation densities and l owest densit i e s 
l day after disposal in the reference area and areas receiving f l uid 
mud thickness of >0 .9 m. Three weeks after disposal, I ZyodriZus demon-
strat ed sub stantial recovery but did not reach pre- operation densitie s 
even at the reference s i te (Tabl e 7) . Low dens ities in October reflect 
seasonality at both reference a nd disposal areas . 
34. Small (<10- mm) Corbicu Za maniZensis, the introduced Asiatic 
clam (Dia z 1974), was very variable in distribution. Pre- operation 
densities were low a nd v ery variable, poss ibly because of the summer 
attenuation of spawning . Corbicu Za larvae set all year round but there 
are two peaks, spring and fall, that correspond to spawning activity of 
adults . The first day aft er disposal the average density f ell but the 
decline was compl etel y attributable to l ack of clams in ar ea s that r e -
ceived more than 0 .1 m of f luid mud. At the reference s i te and areas 
r eceiving l ess tha n 0 .1 m, densities of c lams increased greatly. Thr ee 
weeks after disposal dens ities were uni formly high , possibly due to the 
beginning of the fall recruitment from pl anktonic l arvae . There wer e 
still high popul at ion densities of newly set individuals in October even 
in areas with greater than 0.3 m of fluid mud (Table 7) . The aver age 
shell l engt h of small (2- to 10- mm) Corbicula was very similar f or t he 
July collections ( 3 . 29 mm for l July and 3 . 27 for 26 July), a s indica t ed 
in Tabl e 9. The average length of Corbicu Za from areas r eceiving 0 .1 m 
or more f l uid mud was only 2 .48 mm, whereas the average f or rema ining 
areas was 3 . 37, slightly higher than the pre-oper a tion aver age . The 
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increase of 0 . 08 mm in mean l ength 25 days after disposal i s slower thqp 
the normal individual growth rate and thus reflects the addition of ne~Jy 
set clams, which were l ess than 2 .0 mm, or an inhibition in growth due 
to the disposal operation. Three weeks after disposal the average l ength 
decreased to 2 .72 mm because of the heavy inf luence of newly set c l ams 
in the areas with more than 0.1 m of fluid mud. By Octob er there was 
another increase in the mean shell l ength to 3 . 08 mm indicating again 
both individual growth combined with recruitment (Table 9 ). 
35. Larvae of Coelotanypus scapularis , the most abundant chiron-
omid in the tidal James River (Diaz and Boesch 1977a), were moder a tely 
abundant during the pre-operation survey . The f irst day after di sposal 
only areas receiving more than 0.3 m of f luid mud experienced a decline 
in abundance, and no Coelotanypus wer e found in areas receiving 1. 6 m 
or more of f luid mud. Three weeks l ater , average dens i ty was high ex-
cept in areas that received more than 0 . 9 m, indicating substantia l r e-
covery. The increased number of Coe l otanypus was due ma inly t o the 
growth of l arvae from the first to the larger second instar which is 
retained more effect ively by the 0.5-mm screen . Only 4 presumed first 
instars were found in the collections (Figure 4). Most of larvae prob-
ably moved onto the new material by active crawling , passive drift with 
tidal currents or from newly hatched eggs . The s ingle spec imen from t he 
area with 0 . 9-1 .6 m of fluid mud the first day after disposal was in i ts 
fourth instar . By October the average abundance was still high but 
there was much more var iability (Table 7) . The aver age head capsule 
l ength was very consist ent throughout the collections indicating that 
most of the recruitment onto the dredged mater i a l was by ol der l arvae 
in the third and fourth i nstars (Table 10). Coe lotanypus pupae were 
found only in October, occurring at 5 of 9 sampling s ites . 
36 . Chaoborus punctipennis, the phantom midge l arva , i s the only 
dominant spec i es that l eaves the sediment to feed on zooplankton a t 
night. During the day Chaoborus lives i n the sediments preying on 
oligochaetes (Howmiller 1977). Pre- operation densities of C. punctipen-
nis were low and very variable . The day after d i sposal there were 
higher, mor e uniform densities due to the settlement of the pr evious 
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Figure 4. Head capsule l ength of Coelotanypus scapularis 
larvae from all the benthic samples 
night ' s foragers. The newl y deposited material did not seem to di scour-
age the settlement of larvae a l though some l arvae that returned to the 
sediment s during the disposal operation must have been buried too deeply 
to escape . Densities were again very variable in August and October. 
37, Pre- operation and refer ence site densities of the chironomid 
l arvae , Harnischia spp. and Procladius bellus, were s imilar in pattern 
to Coelotanypus scapularis . The response of Harnischia spp . to the dis-
posal operation was a l so s imilar to Coelotanypus except Harnischia was 
reduced in areas t hat received 0.1 m or more dredged mat er i al. P. 
bellus dens ities were reduced over the entire disposal area after the 
disposal operation ended and by October had not recovered. Reference 
s ite densities of Procladius were high in July and August and seasonally 
dec lined in October . 
38 . Cryptochironomus spp. response was s imilar to Procladius but 
more extreme in that up to 3 weeks after di sposal Cryptochironomus spp . 
were virtually absent from the disposal area while pre-operation and 
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reference site dens ities were very variable . By October populations of 
Cryptochironorrrus spp . had recovered and average densities were nearly 
the same as before disposal (Table 7), 
Dis tribution of 
moderately common taxa 
39 , Clear-cut distribution patterns for most of the modera tely 
common taxa could not be determined, mainly because their occurrences 
were too patchy. Peloscolex rrrultisetosus , Helobdella elongata and 
Rangia cuneata did not occur at the reference s ite but were cons i stently 
present on the disposal shoal. Peloscolex freyi, Branchiura sowerbyi, 
l arge Corbicula mani lensis, GaJ17JT/arus fasciatus, a nd Dicrotendipes 
nervosus all seemed relatively unaffected by the disposal operation. 
Large Corbicula are v ery tolerant to all types of physical stress. They 
have even survived mixing in concrete and migrated to the s urface after 
it has been por ed (Sinclair and Isom 1963 ), Corbicula a long with 
Branchiura, the largest and deepest burrowing oligochaete in the J ames 
River , i s probably the species best able to cope with high rates of 
sedimentation assoc i ated with dredged material disposal. But when the 
density of sediment approaches that of fluid mud, the size and bulk of 
both are detr imental making support difficult. 
40. Chironorrrus spp . and Polypedi lum spp . seemed to respond to the 
disposal operation in a manner similar t o the dominant chironomid 
spec i es . The sphaerid clams Sphaerium transversum and Pisidium sp . 
seemed adversel y affected . Sphaerium was reduced in occurrence and 
Pisidium was completely absent on t he disposal shoal aft er the operation. 
41 . Not much can be said about the rare taxa except there were 
11 insect s , 1 b ival ve, 3 gastropods , 4 oligochaetes, a nd 1 platyhelminth 
for a total of 20 spec ies from all 4 collections . Of the taxa which 
only occurred, 2 species occurred onl y at two sampl e s ites before the 
dredging, 4 species only after and 2 spec i es both befor e and after dis -
posal . There were 4 spec i es had only one occurrence before dredging 
and 8 spec i es that had only one occurrence after dredging . 
Community structure 
42 . Diversity for the collections was moderate to l ow, a 
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characteristic typical of the tidal freshwater James River (Dia z 1977). 
The range of the species diversity index (H') was 0.93 t o 2 .56 bit s / 
individual (Table 11). Average diversity decreased the day a ft er di s -
posal and increased above pre-operation l evels in August and October 
(Table 12). Lowest diversity was recorded the day after disposal in 
areas receiving a total dredged material thickness of 0.1 to 0.9 m, but 
average values occurred in areas receiving a 0.9-m or greater thickne s s . 
An examination of other community parameters indicates the diversity 
index by itself pres ents a limited view of community structure. Diver-
sity at the area receiving >1.6 m was 1.50, a low value but near the 
mean. This area had the highest evennes s (0.95) in the collections and 
its richness of 1 . 44 was only slightly below average, but there were 
only 4 individuals representing 3 taxa in the 3 grabs taken in t his 
area. Obviously, this was the most affected portion of the site. At 
the reference site on 1 July, the pre-operation sampling data, diver s ity 
and richness were slightly below mean values but wer e similar t o thos e 
in the >1.6- m stratum, while evenness was much lower. However, ther e 
were 515 individuals representing 12 taxa in 3 gr abs at the r e f erenc e 
sit e . So it seems that in this s tudy reliance on diversity and it s 
components, evenness and richnes s , in int erpreting e f f ects of t he di s -
posal is of little value (Tables 11 and 12 ). 
L,3. The average number of species /0.15 m2 and individuals /m2 did 
exhibit patterns attributable to the di sposal operation. Ther e was a 
decrease in species the day aft er d i sposa l in areas that r ece ived 0 .1 m 
or more dredged material. Three weeks l a ter the entire area showed 
s ome recovery and by October the average number of species wa s near pr e-
operation levels. Macrofauna l dens ity decreased the day a ft er di sposal 
in areas receiving more than 0. 3 m of fluid mud, but by Augus t den s ity 
had recovered to near original levels, then experienc ed a seasona l de-
cline in October (Table 12). 
44. Similarity, both quantitative and qualita tive coeffici ents , 
was high among the reference s ite collections , indicating t hat t her e 
were no major shifts or changes in community s tructure out s ide the area 
influenced by fluid mud during the cour se of the study (Table 13 ). 
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Pre-operation s imilarity was also high between the reference site and 
disposal shoal . The first day after disposal ended, similarity to pre-
operational conditions declined at all areas receiving fluid mud with 
the greatest decrease occurr ing in quantitative similarity as calculated 
by equation (5). Quantitative similarity to pre- operational and refer-
ence conditions increased by August to near pre-operation levels and 
then declined slightly in October. Qualitative similarity to the refer-
ence site increased sl i ghtly by August and was unchanged in October 
(Tabl e 13). 
Classification results 
45. Normal analysi s of stations, including all species and collec-
tions, produced clear separat ion at the six-group level of pre-operation, 
unaffected, recovering and severely affected sites (Figure 5). Site 
group A consisted of the station that was most severely affected from 
the area receiving >1 .6 m of fluid mud. The seven sites in Group B, 
mainly from the day after disposal, were also very affected by fluid 
mud . Site groups C, D, and E were made up of sites that were either 
recovering or unaffected by disposal. Group F represents the pre-
operation conditions at the disposal and reference sites (Figure 5). 
46. Inverse analysis (i.e., classification of species) did not 
demonstrate the effects of fluid mud because the general ubiquity and 
resilience of the fauna a llowed for quick recovery wit h no species 
group being characteristic of any thickness of fluid mud. 
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Site 
• Stratum 
so 6 
Sl S 
S2 4 
S3 3 
S7 3 
SB 3 
S9 4 
L6 S 
C4 1 
L2 2 
L3 S 
L4 s 
LS S 
LB 3 
C3 1 
B6 4 
B7 3 
BB 2 
S6 3 
C2 1 
ss 2 
L7 4 
Ll 2 
BS 2 
A2 4 
Bl S 
B2 S 
B3 S 
B4 4 
S4 2 
A3 4 
Cl 1 
Al 4 
A4 3 
AS 2 
A6 3 
A7 3 
AB 3 
A9 3 
0.6 0.4 
Reference site 
Disposal site 
Cl A 1 July Pre-operation 
C2 s 26 July 1 day after disposal 
C3 B 13 August 3 weeks after disposal 
C4 L 20 October 3 months " " 
Stratum (thickness of fluid mud) 
1 Reference site 
2 0.0-0.1 m 
3 0.1-0.3 m 
4 0.3-0.9 m 
5 0.9-1.6 m 
6 >1.6 m 
0.2 0 -0. 2 -0.4 
Similarity 
Figure 5. Nor ma l a na l ysis of all benthic sites 
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DISCUSSION 
The Disposal Operation 
47. Sediments removed from the channel by hydraulic dredging were 
finer grained than those found on the disposal shoal before dredging 
(Nichols e t al. 1977). After the disposal operation the sediments re-
mained finer for the course of the study. Sediments had the highest 
water content immediately after the dredging. Three months later water 
content seeme d comparable to the surrounding area not affected by dis-
posal. A detai l ed account of physical characteristics of the sediments 
and sedimentary movements is presented in Nichols et al. (1977). 
Acut e Effects at the James River Disposal Site 
48. I t i s imposs ible to separate by fie ld sampling the effects 
of numerous stresses whi ch may be synergi st ically related . Certainly 
the disposal operation caused the reductions in benthic fauna that were 
directly proportional to the amount of dredged material accumulated, but 
the physical disturbance, low sediment bulk density, low dissolved oxy-
gen, and possibly other unmeasured factors (i. e . mobilization of toxins, 
e . g . Kepone ) all may have contributed to the observed acute effects. 
49 . Acute e ffect s were mo s t obvious in areas that received mere 
t han 0.3 m of fluid mud. All taxa were affected to some extent, but 
the insec t s were the mo s t sensitive . Measures of community structure, 
except spec i es divers i ty (H' ), were generally depressed. This measure 
(H') was a poor reflection of community structure , suggesting the danger 
of evaluating environmental e ffects with only diversity indices. 
50 . In areas r eceiving less than 0.3 m of fluid mud, acute ef-
fects were felt primarily by insects and small Corbicula manilensis . 
Oligochaetes seemed relatively unaffected and became more abundant than 
a t the reference s it e . Of the three major taxonomic groups involved, 
i . e. oligochaetes , molluscs, and insects, the oligochaetes are best 
suit ed to survive in a f luid mud environment. They are generally 
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subsurface deposit f eeders with only the posterior end protruding to the 
surface for respiration. When environmental conditions become unsuit-
able oligochaetes can undergo a subsurface migrat ion in search of more 
suitable conditions (Fisher and Beeton 1975). Oligochaetes also have a 
higher surface-to- volume ratio and lower bulk density than the other 
taxa, reducing the problem of support in fluid mud. 
51. The insects, in particular the chironomids, from the area 
all have special respiratory structures whose function may be impaired 
by the fluid mud. They also have a lower surface-area- to-volume ratio 
and higher density than oligochaetes. The Asiatic clam, Corbicula 
manilensis, the species with the greatest support problem, declined in 
abundance except in areas that received less than 0.1 m of fluid mud. 
Corbicula has short siphons so it would have to migrate upward through 
~ 
the fluid mud in order to reach the overlying water. Fluid mud does 
present support problems for such a dense organism. It may have sur-
vived in the shallower fluid mud because of its great tolerance of en-
vironmental stress (Sinclair and Isom 1963) . 
General Recovery of the Disposal Area 
52. The res ilient and opportunistic nature of the fauna (Diaz 
and Boesch 197,a) buffered the impact of the disposal operation. Three 
weeks after the disposal operation ended all but a few of the more sen-
sitive insect species had recovered, mainly through the migration of 
individuals from the surrounding unaffected areas. Corbicula recolo-
nized the dredged material by setting of planktonic larvae . 
53. Generally community structure had recovered to pre-operation 
levels 3 weeks after disposal. A few rare species did not occur after 
disposal but little can be inferred from their distribution pat terns . 
The only common species which had not recovered in abundance a ft er 3 
weeks was the chironomid, Cryptochironomus spp ., which did not recover 
until October, 3 months after disposal. 
54. By October, normal seasonal changes in all the community 
parameters had taken place. The ratio of mature to immature Limnodrilus 
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had decreased greatly, indicating their peak spawning had occurred. The 
average size of CorbicuZa increased, indicating a decline in the number 
of newly set individuals. 
General Observations on Effects of Fluid Mud 
55. Fluid mud presents some unique biological problems that are 
not a s sociated with turbidity, either natural or man-induced, or burial 
by more consolidated materials. Turbidity, whether generated by 
dredging operations or naturally, tends to be short-lived, although 
ther e a r e conflicting reports on its environmental effects (Herbich 1975, 
Windom 1972, Gusta fson 1972, Oschwald 1972). The main potential effects 
of incre as ed turbidity are interference with respiration and food col-
l ection. Depending on s tamina of the species exposed and duration of 
expos ure to exce s s turbidity, the outcome could range from minor irrita-
tion to death for nonmotile forms unable to escape, or benefit to motile 
fo r ms that ent er turbidi ty in search of food or protection. 
56. Impacts of burial are the most obvious potential effects of 
dredged mat erial di s posal on benthic organisms, and depend on the 
ability of organi sms to withstand rapid sedimentation and migrate to the 
new s ediment surface. Surprisingly little attention has been devoted to 
upward mi gratory abilities of benthic fauna. Hamilton and La Plante 
(1972 ) and Frey and Howard (1972) have demonstrated the ability of 
sever a l species to migrat e through overlying sand. It is reasonable to 
suppose a species' ability to migrate vertically depends on factors such 
as its s ize, oxygen r e quirements, burrowing behavior, and physical 
characteri stics of the sediment under which it is buried. 
57. In terms of its environmental impact, fluid mud could con-
ceptually be regarded as intermediate between turbidity and burial, al-
though it may have the pot ential f or unique impacts. Unlike turbidity, 
which i s move d by l oca l current s , fluid mud movement is controlled by 
gravi t y and tidal action and unlike consolidated sediments, which have 
concentrations gr eater than 175 g/1 and do not flow, fluid mud starts to 
f orm at 10 g/1 concentration and will flow up to concentrations of 
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115 g / 1 when consol idation and settlement begin (Masch and Espey 1961 ). 
58. Nichol s et al . (1977) have found the fluid mud produced by 
the dredged mater i al disposal activity in the Windmill Point area to be 
very persistent and consol idation to occur slowly. Fluid mud thus poses 
a more formidable threat to respiration and feeding act ivities of ben-
thos than temporary increases in turbidity. Because of its unconsoli-
dated state and low bulk dens i ty, fluid mud may spread over a broader 
area and b e l ess abl e to support the weight of benthic organisms than 
more consolidated dredged material . Fl uid mud may separate many orga-
nisms , particularly b i valves and chironomid larvae, from the overlying 
water upon which they depend for respiration and food. Such organisms 
would be killed unl ess they were able to reestabli sh contact with the 
overlying water before these physiological stresses became overpowering. 
Fi gure 6 depicts in a schematic way the disruption that fluid mud had 
on the benthic communities of the study s ite . 
59 . Dis solved oxygen, which i s vital to most aquatic life forms, 
was reduced in the immediate vicinity of the discharge pipe during and 
short l y after dredging . There was a horizontal gr adient from lowest 
Flui d Mud 
Swimming Chironomid 
Oli gochaet e (5 Sma ll Corbicul a ~ Chironomid D Large Corbicula 
Figure 6. Schematic depiction of the effects of fluid mud 
on Windmill Point benthic communities 
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dissolved oxygen, in areas that received the most dredged material, to 
highest at the reference site and areas farthest from the outfall , Oxy~ 
gen values before and 3 weeks after dredging were all higher than the 
day after disposal ended. The temporary decrease in dissolved oxygen, 
which seems typical for disposal operations in fine-grained environment~ 
(May 1973, Brown and Clark 1968, Lee unpublished data), i s caused mainly 
by the oxidation of reduced compounds in the sediment s which are re-
leased during dredging and disposal operation. 
60. The depression in oxygen levels was short-lived, probably 
lasting on the order of days, and by itself would have little effect on 
the benthos of this environr.ient. However, when the s tress is added to 
that of burial by fluid mud, it may be very important in determining the 
survival of organisms in the affected area and may delay recolonization 
by new individuals. 
61 . The remobilization of buried toxic materials by dredging and 
their s ubsequent incorporation into fluid mud may have added to the im-
pact of fluid mud. Although there is poor understanding of the biologi-
cal effects of sediment-associated toxic materials, field evidenc e indi-
ca.tes that organisms can accumulate toxic materials from dredging-
produced turbidity and fluid mud (Gregory 1977). Gregory (1977) found 
Rangia auneata in the a r ea of this disposal operat ion to concentrate 
Kepone from the disturbed sediments. 
Adaptations to Substrate Instability 
62. The top 0.5 to 1.0 cm of sediments of tidal rivers and es-
tuaries is subject to frequent resuspension from tidal and wind energies, 
On settling , suspended sediments may produce a thin film of sediment 
with density s imilar to fluid mud . Storms may suspend more sediment 
over a broader area than dredging. On the other hand dredging usually 
results in more dramatic mobilization of surface sediments over a smaller 
area . Thus while instability of fine- grained sediments is common, thick 
fluid mud layers are rare natural phenomena . 
63. Organisms cope with soft and unstable substrates by a series 
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of support, feeding and respiratory adaptations. Many organi sms over-
come the problem of s inking in soft sediment by 1) reduced body density, 
2) reduced linear dimension, 3) increased surface area but not volume, 
and 4) increased buoyancy (Rhoads 1974). The spec i es composing the ben-
thic communities in the tidal freshwater J ames River exhibit these basic 
adapt ations . The organisms that must maintain contact with the sediment 
surfac e , for the most part the ihsect s and molluscs, are small and have 
high surface- area-to-volume ratios, except for the l arge unionids (only 
one small Elliptio was taken in thi s s tudy but many large specimens do 
occur near the disposal s ite) which overcome the problem by sitting on 
the mor e consolidated deep sediments (10 to 20 cm). Other species which 
can burrow below the sediment surface fo r extended peri ods , such as 
oligochaetes and s ome chironomids, have in addition to the size adapta-
tion spec iali zed blood pigments (e . g . hemoglobin) to a i d in respiration 
at the low dissolved oxygen l eve l s found below the sediment surface 
(Brinkhurst and Jamieson 1971). 
64. The benthic community at the James River study site recovered 
rapidly from the perturbation of burial or inundation by fluid mud . 
Less res i stant and/ or resilient communities would probably have been 
more pers i s t ently affected by burial with fluid mud. Potentially more 
susceptible communities are those that tend toward biological accommoda-
tion rather than being controlled by physical ly ri gorous conditions. 
After the acute impact, a biologicall y accommodated community would 
r equire a l onger period of time to recover depending on the reestablish-
ment of it s intricate biological order . The successful recruitment of 
opportunistic spec i es , which might not have been previous members of the 
community, into a disturbed area could alter community devel opment such 
that it might not return to its predisturbance condit i on . 
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CONCLUSI ONS AND RECOMMENDATIONS 
Conclusions 
65 . The di sposal operation resulting from the maintenance dredging 
of the Jordan Point - Windmill Point channel altered the physical envi-
ronment of the disposal site making it shallower and its sediments finer 
gr a ined . 
66. There was a detrimental acute impact on the macrobenthos 
attributed to the disposal operation. Due to the resilience and oppor-
tunistic nature of the fauna the s ite was recolonized within 3 months. 
67. The fluid mud produced from the disposal operation probably 
had both physical and physiological effects on the fauna. The responses 
of different species to the fluid mud were not similar ; some species 
wer e more susceptibl e than othe r s . Ins ect s were the most sensitive and 
oligochaetes were the l eas t affected by fluid mud. 
68. The phenomenon of fluid mud produced by dredged material di s -
posal seems different f rom natura l phenomena of sediment suspension. 
Its unique physical properties have deleterious effects on benthic fauna 
that warrant further investigation. 
Recommenda tions 
69 . The potent i al for the creation of fluid mud from different 
types of dredged material and dredging methods needs to be assessed, so 
that practic es which minimize the formation of fluid mud can be 
est abli shed. 
70 . In s ituations where large quantities of fluid mud would be 
formed, and s ubaqueous di sposal i s the only alternative , the disposal 
s ite should be chosen to minimize it s spread. Particular attention 
should be placed on topogr aphy and tidal currents which will control 
the flow of f luid mud . 
71. Since the acut e impact of fluid mud will be directly related 
to the environmental constancy and community pers istence and s tability 
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(Boesch 1974), f ut ure studi es should be conducted to determine the rela-
t i ve su scept i bility of var i ous bent h ic communit i es to the effects of 
f luid mud . Disposal s i te sel ection could then consider likely community 
r esponses a nd impact s on t h e most sens itive or valuable communities 
c ould b e avoided . 
72 . Further research is needed under more controll ed conditions, 
inc luding l aborat ory and f i el d experiment s , on the effect s of f l u i d mud 
on bent hos . These should cons i der assessments of phys i cal effects and 
the e ffe cts of reduc ed oxygen availability and mobili zat i on of toxic 
materia l s . 
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Table 1 
Stratifi cation of Sam£le Si tes 
Sampling Date 
1 July 26 J uly 13 August 
Sampl e Number of Sampl e 
Stratum Site Replicates Site 
Reference 
or Control Cl 3 C2 
0 . 0- 0 . 1 m* A5 3 S4,5 
0 .1- 0 . 3 m A4,6,7,8,9 15 S3,6,7,8 
0 .3- 0. 9 m Al,2,3 9 S2,9 
0 . 9- 1. 6 m ** -- Sl 
>1.6 m ** 
--
so 
* Thickness of fluid mud above the bottom . 
** No data . 
Nu.rnber of Sample Number of 
Replicates Si te Repli cates 
3 C3 3 
6 B5,8 6 
12 B7 3 
6 B4, 6 6 
3 Bl,2,3 9 
3 ** --
20 October 
Sampl e Number of 
Site Replicates 
c4 3 
11 ,2 6 
18 3 
17 3 
13,4,5, 6 12 
** 
Table 2 
Sediment Parameter, Di ssolved Oxygen, and Temperature Measurements 
at Each Site by Sampling Date 
Grain- Size Distribution 2 Percent Percent Solids D.O. Temp . Sediment 
Date Site Sand Silt Cl ay Detritus Total Volatile mg/1 oc Class i fication 
-
1 July Cl 5 . 4 73 . 6 21. 0 1. 4 ND* ND 7.4 28 clayey- silt 
Al 0 . 7 84 . 1 15.2 3.0 ND* ND 7 . 0 28 silt 
2 68.6 26.0 5. 4 1. 0 ND* ND 6 .o 28 silty- sand 
3 9.6 74.o 16 . 4 o . 8 ND* ND 6 . 5 28 clayey- silt 
4 7.0 75 . 4 17 . 6 0.3 ND* ND 6 . 5 28 silt 
5 30.3 54 . 4 15.3 1. 2 ND* ND 6 . 8 28 sandy- silt 
6 46.4 40 . 2 13.4 5 . 2 ND* ND 1.0 28 silty-sand 
7 12.7 78.4 8.9 1. 8 ND* ND 6.8 28 silt 
8 19. 0 70 . 7 10.3 1.1 ND* ND 6 . 5 28 sandy- silt 
9 10 . 9 76 . 4 12.7 0 . 8 ND* ND 6 .5 28 silt 
26 July C2 7 . 0 63 , 7 29 . 3 o.8 44 . 5 10 . 7 5.7 28 clayey- silt 
81 15. 9 67 , 3 16. 8 o. 6 39.2 10. 6 3.8 28 clayey-silt 
2 26 . 7 59 . 0 14.3 2 . 5 41.6 11. 7 4.2 28 sandy-silt 
3 10 . 7 78 . 0 11. 3 0 . 0 48 . 2 9 . 2 4.6 28 silt 
4 16 . 0 68.9 15.1 1. 9 43 . 7 10. 2 4.9 28 cl ayey-silt 
5 o . 4 80 .3 19 . 4 5. 1 57 .1 10.5 4.5 28 silt 
6 6 . 5 65 . 8 27 . 7 3.4 46 . 5 10.4 4.3 28 clayey-silt 
7 5,7 72 . 5 21. 8 2 . 9 42.9 10.0 4.6 28 clayey-silt 
8 9 . 9 70 .1 20 . 0 2.6 40. 8 10.6 3.8 28 clayey-silt 
9 5.0 79 . 8 15.2 1. 5 38,9 11. 9 4. 1 28 silt 
0 1. 4 91. 0 1.6 1. 5 36 . 2 12 .3 3.2 28 silt 
(Continued) 
* No data . 
Table 2 (Concluded) 
Grain-Size Distribut ion 2 Percent Percent Solids D.O. Temp. Sediment 
Date Site Sand Silt Clay Detritus Total Volatile ~ oc Classificat i on 
13 Aug C3 10. 7 82 .3 7. 0 2. 7 ND ND 7. 8 27 silt 
Bl 2.2 92 .1 5. 7 2 . 4 ND ND 7 .1 27 silt 
2 26.3 69 . 8 3.9 2.0 44.o ND 7. 2 27 sandy-silt 
3 0 . 0 93 .2 6.8 3.6 ND ND 6.9 27 silt 
4 12.5 83 . 7 3.8 1. 6 ND ND 5.5 27 silt 
5 3.0 92.2 4.8 3. 7 ND ND 6.o 27 silt 
6 14.7 80 .1 5.2 2.4 ND ND 6. 7 27 silt 
7 8.4 87 .1 4.5 2 . 2 ND ND 6.8 27 silt 
8 12. 1 78,9 9 . 0 6 .1 ND ND 6.4 27 silt 
20 Oct c4 0 . 0 90 . 8 9. 2 3. 0 39,5 11. 2 ND 14 silt 
Ll 0. 0 95.6 4.4 13.4 51.9 10. 2 ND 14 silt 
2 0. 0 92 . 3 7. 4 5.0 36,5 12.4 ND 14 silt 
3 7. 5 85 . 3 7. 2 4.6 46.2 12 . 6 ND 14 silt 
4 9 . 8 83 . 8 6. 4 1. 5 46.4 11. 9 ND 14 silt 
5 13.7 78.4 7. 9 1.6 43.6 11.1 ND 14 silt 
6 9.1 85 . 5 5. 4 3 , 3 47.4 10 .5 ND 14 silt 
7 14.9 79 . 7 5.4 2.8 55,5 43 .8 ND 14 silt 
8 35.6 57 . 4 6.9 o. 8 42 . 0 3.3 ND 14 sandy-silt 
Table 3 
Sediment Parameters and Dissolved Oxygen Measurements Averaged by Stratum 
f or Each Sampling Period 
Percent Sand Percent Total Solids 
Stratum P. O.* 1 day 3 weeks 3 months P .O. 1 day 3 weeks 3 months 
Reference 5. 4 7 . 0 10.7 0 .0 ** 44 . 5 ** 39 . 5 
0. 0-0.1 m 30. 3 8. 2 7 . 6 0 . 0 ** 50.4 ** 44 . 2 
0 .1- 0.3 m 19.2 8. 2 8.4 35.6 ** 44 . 6 ** 42 . 0 
0 . 3- 0. 9 m 26 . 3 15. 8 13.6 14 . 9 ** 40.2 ** 55 . 5 
0 . 9-1. 6 m ** 15. 9 9 . 5 10 . 0 ** 39.2 44 . o 45 . 9 
>1.6 m ** 1. 4 ** ** ** 36.2 ** ** 
Percent Silt Percent Vol atil e Solids 
Reference 73 . 6 63 . 7 82 .3 90 . 8 ** 10.7 ** 11. 2 
0 . 0- 0 .1 m 54. 4 74 . 6 85 . 6 94 . o ** 10.4 ** 11. 3 
0 .1-0.3 m 68 . 2 71. 6 87 .1 57 . 4 ** 10 . 0 ** 3 . 3 
0 . 3- 0 . 9 m 61.4 69 . 4 81. 9 79.7 ** 11. 8 ** 43 . 8 
0. 9-1. 6 m ** 67 .3 85 . 0 83 . 2 ** 10 . 6 ** 11. 5 
>1.6 m ** 91. 0 ** ** ** 12.3 ** ** 
Percent Cl ay Dissolved Oxygen mg/1 
Reference 21. 0 29 . 3 7. 0 9 . 2 7.4 5 . 7 7.8 ** 
0 . 0- 0 .1 m 15 . 3 17. 2 6 . 9 5 . 9 6. 8 4. 7 6 . 2 ** 
0 . 1- 0. 3 m 12. 6 20 . 2 4.5 6 . 9 6. 7 4.3 6.8 ** 
0.3- 0 . 9 m 12.3 14 . 8 4.5 5.4 6.5 4 . 2 6 .1 ** 
0. 9- 1. 6 m ** 16 . 8 5.5 6 . 7 ** 3. 8 7.1 ** 
>1. 6 m ** 7. 6 ** ** ** 3.2 ** ** 
(Continued) 
* P . O. i ndicates pre- operational or pri or to di sposal. 
** No data. 
Table 3 (Concluded) 
Dissolved Oxygen 
Percent Detritus Percent of Saturation 
Stratum P.O. 1 day 3 weeks 3 months P . O. 1 day 3 weeks 3 months 
Reference 1. 4 0. 8 2.7 3.0 94 72 96 ** 
0. 0- 0.1 m 1.2 3.5 4.9 9. 2 86 59 76 ** 
0.1-0. 3 m 1. 8 2.2 2.2 o.8 85 54 84 ** 
0. 3-0 . 9 m 1. 6 2.0 2. 0 2.8 82 53 75 ** 
0. 9- 1.6 m ** o. 6 2. 7 2. 8 ** 48 88 ** 
>1.6 m ** 1. 5 ** ** ** 40 ** ** 
*·* No dat a. 
Table 4 
Breakdown of Major Taxa and Individuals 
1 Jul;y: 26 Jul;y: 13 August 20 October Total 
Percent Percent Percent Percent l:'ercent 
Taxonomic GrouI?_ Inds . of Total Inds . of Total Inds. of Total Inds . of Total Inds . of Total 
--
Pl atyhelminthes 3 0 .1 0 0 . 0 0 0 . 0 0 0 . 0 3 0.0 
Annelida 2927 82 . 8 1450 77.0 1919 70 .1 1620 68 . o 7916 75.1 
Oligochaeta 2922 82 . 7 1443 76.7 1919 70 .1 1612 67 . 7 7896 74 . 9 
Hirudinea 5 0 .1 7 o .4 0 0. 0 8 0.3 20 0 . 2 
Mollusca 350 9 . 9 233 12. 4 512 18 . 7 424 17. 8 1519 14. 4 
Gastropoda 1 0 . 0 0 0. 0 0 0 . 0 4 0.2 5 0.0 
Bi valvia 349 9.9 233 12.4 512 18 .7 420 17.6 1514 14. 4 
Arthropoda 254 7.2 199 10 . 6 308 11.2 338 14.2 1099 10.4 
Amphipoda 2 0.0 9 0.5 36 1. 3 0 0 . 0 47 o .4 
Insecta 252 7 . 2 190 10 .1 272 9 . 9 338 14. 2 1052 10 . 0 
Chironomidae 249 7 . 0 169 9 . 0 266 9 . 7 313 13.1 997 9 . 5 
Total s 3534 100 . 0 1882 100 . 0 2739 100.0 2382 100.0 10,537 100 . 0 
Tabl.e 5 
Breakdown of Major Taxa and Species 
l July 26 Jul;y: 13 August 20 October Total 
Percent Percent Percent Percent Percent 
Taxonomic Grou:e_ ~ o f Total ~ of Total ~ of Total ~ of Total ~ of Total 
Pl atyhelminthes 1 3 . 4 0 0 . 0 0 0.0 0 0.0 1 2 .3 
Annelida 1 0 34 . 5 9 30.0 7 35.0 8 27.6 1 2 27 . 3 
Oligochaeta 9 31.0 8 26 . 7 7 35.0 7 24.1 11 25 . 0 
Hirud inea 1 3.4 1 3.3 0 0.0 1 3.4 1 2.3 
Mollusca 6 20.7 4 13 .3 3 20 . 0 7 27 . 6 8 18.2 
Gastropoda 1 3 . 4 0 0.0 0 0.0 2 6.9 3 6.8 
Bivalvi a 5 17 .2 4 13.3 3 20.0 5 20.7 5 11. 4 
Arthropoda 1 2 41.4 17 56.7 9 45 . 0 13 44.8 23 52.3 
Amphipoda 1 3.4 1 3.3 1 5.0 0 0.0 1 2.3 
Insecta 11 37 , 9 16 53 , 3 8 40.0 1 3 44.8 22 50.0 
Chironomidae 9 31.0 11 36 . 7 6 30.0 9 31.0 15 34.1 
Totals 29 1 00 . 0 30 100.0 19 1 00 . 0 28 1 00.0 44 1 00 .0 
Table 6 
Occurrence of Taxa at All 39 Collection 
Taxonomic 
Taxon Grour/ 
l Lirrmodrilus spp. 0 
2 Ilyodrilus templetoni 0 
3 Corbicula manilensis (<10 mm) B 
4 Lirrmodrilus hoffmeisteri 0 
5 Coelotanypus scapularis C 
6 Procladius be llus C 
7 Harnischia spp . C 
8 Chaoborus punctipennis I 
9 Cryptochironomus spp. C 
10 Polypedilum spp. C 
11 Corbicula manilensis (>10 mm ) B 
12 Peloscolex multisetosus 0 
1 3 Peloscolex freyi 0 
14 Sphaerium transversum B 
15 Chironomus spp . C 
16 Gammarus fasciatus A 
17 Branchiura sowerbyi 0 
18 Helobdella e longata L 
19 Dicrotendipes nervosus C 
20 Coelotanypus pupae C 
21 Pisidium sp . B 
22 Rangia cuneata B 
23 Odonata I 
24 Cyclorrahapha larvae I 
25 Lirrmodrilus profundicola 0 
26 Chironomid sp . 2 C 
27 Tubifex sp . 0 
28 Lirrmodrilus cervix 0 
29 Tanypus neopunctipennis C 
30 Hexagenia mingo I 
31 Ablebesmyia sp . E Roback C 
32 Nais spp. 0 
33 Hydrolimax grisea p 
34 Stictochironomus devinctus C 
35 Gastropod G 
36 Coelotanypus concinnus C 
37 Valvata sincera G 
(Continued) 
* 0 - Oligochaete 
B - Bivalve 
I - Insect 
L Leech 
C - Chironomidae A - Amphipod 
Sites 
Occurrence.E.---:-
Number ~ 
39 
38 
38 
37 
36 
23 
23 
19 
18 
14 
12 
11 
10 
10 
p 
G 
8 
7 
7 
6 
5 
5 
4 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
100 
91 
91 
95 
92 
59 
59 
49 
46 
36 
31 
28 
26 
26 
21 
18 
18 
15 
13 
13 
10 
8 
8 
8 
5 
5 
5 
5 
5 
5 
5 
5 
3 
3 
3 
3 
3 
. r1tll Pl atyhelrnJ. 
Gastropod 
rd 
----- Taxon 
38 Perrissia sp . ~~ Elliptio corrrplanata 
41 Coleopteran larvae 42 Chironomid sp . l 43 Tricopteran A 44 Tricopteran B 
Psectrocladius sp. 
Table 6 (Concluded) 
Taxonomic 
Orou12 
G 
B 
I 
C 
I 
I 
C 
Occurrences 
Number Percent 
l 3 
l 3 
l 3 
l 3 
l 3 
l 3 
l 3 
Table 7 
Distribution of Dominant Species by Stratum and 
Collection Period. Average Abundance 
Estimated to Individuals / m2 
Limnodrilus spp. 
Stratum Pre-Op 
Refe rence 2480 
0.0-0.1 m 1140 
0. 1-0. 3 m 1529 
0.3- 0 . 9 m 1056 
0 . 9-1.6 m * 
>1.6 m * 
Collection Mean 1443 
Limnodri lus hoffmeisteri 
Stratum 
Reference 
0 . 0-0.1 m 
0.1-0 . 3 m 
0 . 3-0.9 m 
0.9-1.6 m 
>1.6 m 
Collection Mean 
Ilyodrilus templetoni 
Stratum 
Reference 
0.0-0 . 1 m 
0 .1-0 . 3 m 
0 . 3-0 . 9 m 
0 . 9-1.6 m 
>1.6 m 
Collection Mean 
* No data. 
Pre- Op 
220 
180 
231 
276 
238 
Pre-Op 
380 
227 
231 
176 
229 
Collection Period 
After Disposal 
1 day 3 weeks 
647 807 
1153 977 
768 960 
410 1373 
180 618 
7 
639 924 
1 day 3 weeks 
93 213 
233 440 
242 233 
60 250 
93 336 
0 
158 315 
1 day 3 weeks 
20 67 
147 303 
67 40 
43 153 
7 82 
0 
61 141 
(Continued) 
3 months 
1127 
1070 
747 
2673 
588 
1004 
3 months 
93 
70 
0 
287 
32 
72 
3 months 
60 
57 
153 
33 
37 
56 
Table T (Continued) 
Collection Period 
After Dis:2osal 
Corbicu l a mani l ensis ( small) 
Stratum Pre-0:2 1 day 3 weeks 3 months 
Reference 20 260 233 113 
0.0-0.1 m 141 493 360 241 
0.1-0.3 m 88 45 200 193 
0.3-0.9 m 491 3 no 953 
0 .9-1. 6 m 1 229 232 
>1.6 m 13 
Collection Mean 208 1 32 367 304 
Coe lotanypus scapularis 
Stratum Pre-0:2 1 day 3 weeks 3 months 
Reference 1 33 100 25 3 433 
0.0-0.1 m 40 60 121 51 
0.1-0.3 m 69 10 293 13 
0.3-0.9 m 42 11 233 0 
0 . 9-1. 6 m 1 58 218 
>1. 6 m 0 
Collection Mean 65 49 160 166 
Chaoborus punctipennis 
Stratum Pre- 0:2 1 day 3 weeks 3 months 
Refer enc e 0 13 1 20 
0 . 0-0.1 m 1 3 3 10 
0 .1-0. 3 m 1 15 0 0 
0 . 3- 0 . 9 m 0 1 10 0 
0.9-1.6 m 1 0 23 
>1. 6 m 1 
Collection Mean 1 10 4 15 
Harnischia spp. 
Stratum Pre-0:2 1 day 3 weeks 3 months 
Reference 13 13 61 33 
0.0-0.1 m 21 1 20 3 
0.1-0.3 m 1 3 2 33 0 
0 . 3-0. 9 m 22 0 31 0 
(Continued) 
Table 7 (Concluded) 
Collection Period 
After Disposal 
---Harnischia spp. (Continued) 
Stratum Pre- Op 1 day 3 weeks 3 months 
---.cc::. 
0 . 9-1.6 m 0 1r 32 
>1.6 m 0 
Collection Mean 17 3 25 1 8 
ProcZadius beZZus 
Stratum Pre- Op 1 day 3 weeks 3 months 
--c..::.. 
Reference 67 60 47 13 
0 . 0- 0 .1 m 47 0 7 3 
0 .1-0.3 m 64 5 0 0 
0 . 3-0.9 m 20 7 7 7 
0 . 9-1. 6 m 7 2 3 
>1.6 m 0 
Collection Mean 49 9 9 4 
Crypto(]hironorrrus spp. 
Stratum Pre- Op 1 day 3 weeks 3 months 
Reference 7 40 0 7 
0 .0-0.1 m 0 0 3 7 
0 .1-0. 3 m 15 0 0 1 3 
0 . 3- 0 . 9 m 20 0 0 40 
0 . 9-1.6 m 0 0 1 2 
>1.6 m 0 
Collection Mean 14 4 1 1 3 
Table 8 
Ratio of Lirrmodrilus hoffmeisteri to Lirrmodri lus spp. 
Averaged by Stratum and Collection Period 
Collection Period 
After Disposal 
Stratum Pre- Op 1 day 3 weeks 3 months 
Reference 0.09 0.14 0.26 0 . 08 
0.0- 0.1 m 0. 16 0.20 o.45 0.06 
0.1- 0 . 3 m 0 . 15 0 . 32 0 . 24 0.00 
0.3- 0.9 m 0 . 26 0.15 0.18 0 .11 
o. 9- 1. 6 m * 0 . 52 0 . 54 0.05 
>1.6 m * 0 . 00 * * 
Collection Mean 0 . 16 0.25 0. 34 0.07 
* No data. 
Stratum 
Reference 
0.0-0.1 m 
0.1- 0 . 3 m 
0.3-0.9 m 
0 . 9-1.6 m 
>1. 6 m 
Table 9 
Average Shell Length of Corbicula manilensis 
Between 2 and 10 mm 
Collection Period 
After Dis:eosal 
Pre-Op 1 da;y: 3 weeks 
6.00 2.00 2.50 
Lr. 00 3 .44 3 .14 
3. Lr8 2. 73 2.27 
2.80 2 . 20 2.41 
* * 2 .91 
* 2.00 * 
Collect i on Mean 3. 29 3.27 2.72 
* No data. 
3 months 
3. 40 
3 . 38 
2.00 
3. 12 
2.79 
* 
3 .08 
.. 
Stratum 
Reference 
0 . 0- 0.1 m 
0 .1- 0.3 m 
0.3- 0 . 9 m 
0 . 9-1. 6 m 
>1.6 m 
Col lection Mean 
* No data. 
Table 10 
Average Head Capsule Lengths for Larvae 
of CoeZotanypus saapuZaris 
Coll ection Period 
After Dis:eosal 
Pre-Op 1 da;y: 3 weeks 
0 . 54 0.50 0.55 
0.61 o.49 0. 53 
0 . 56 0.57 0.54 
0 . 62 0 . 63 0 . 57 
* 0.63 0. 55 
* 0.0 * 
0. 58 0 . 55 0.55 
3 months 
o.49 
0.61 
0.51 
0 .0 
0.57 
* 
0. 56 
Table 11 
Communitr Structure Parameters Cal culated from Sum 
2 
of Three 0 . 05-m Grab Sam£l es 
Date Station Divers i tr Evenness Individual s Ri chness srec i ~s 
l July Cl 1. 54 o.43 515 1. ?6 12 
Al 1.91 0.52 315 2 .09 13 
A2 2.55 o. 59 407 3. 16 20 
A3 2.11 o.66 293 1. 43 9 
A4 2.42 0 . 63 321 2 . 26 14 
A5 1.91 0.58 277 1. 60 10 
A6 l. 72 o.48 293 1. 94 12 
A7 1. 56 0.52 274 1. 25 8 
A8 1. 48 O.L,T 284 1.42 9 
A9 1.60 o . 43 555 1. 90 1 3 
26 July C2 2.56 o . 63 203 3 . 01 17 
81 1.69 0.56 47 1.82 8 
82 1.60 0 . 53 104 l. 51 8 
83 1. 47 0.5 7 128 1.03 6 
s 4 l. 77 0.51 322 l. 73 11 
85 2 .40 0.58 401 2 . 84 18 
86 2 .07 0.60 250 1.81 11 
S7 1. 68 0.56 222 l. 30 8 
88 0 . 93 0.36 138 1. 02 6 
89 0.94 0.36 63 1. 21 6 
so l. 50 0.95 4 1. 44 3 
13 August C3 2.46 o.66 267 2 .14 13 
Bl 1.91 o.64 254 1.26 8 
B2 l. 79 o . 64 199 1 .13 7 
B3 2.05 o . 68 152 l. 39 8 
B4 2.01 0.67 550 1.11 8 
B5 2.44 o. 73 429 1. 48 10 
B6 1. 84 0.58 303 i. 4o 9 
B7 1. 88 0. 73 264 0 . 90 6 
B8 2. 39 0.67 321 1 . 91 12 
20 October c4 2.15 0.57 309 2 . 27 14 
11 l. 87 0. Li2 322 3. 46 21 
12 1.92 0 . 54 170 2 .14 12 
13 2 .17 0.72 103 1 . 51 8 
14 2 . 04 0.61 235 1.65 10 
15 2. 26 0.59 266 2.33 14 
16 1. 68 0.56 120 1. 46 8 
17 l. 72 0 . 50 669 l. 54 11 
18 1. 81 o.64 188 l.15 7 
Tabl e 12 
Communi t ;y: Struct ure Paramet er s Averaged 
b;y: St rat um and Collect i on Per i od 
Collect i on Period 
After Dispos al 
Stratum Pre- Op 1 da;y: 3 weeks 3 months 
a . Diversity 
Referenc e 1. 54 2 . 56 2 .46 2 .15 
0 . 0-0 .1 m 1. 91 2 . 08 2 .42 1. 90 
0 .1-0 . 3 m 1. 76 1. 54 1. 88 1. 81 
0. 3-0 .9 m 2 .19 1. 27 1. 92 1. 72 
0 . 9-1. 6 m * 1. 69 1.92 2 . 04 
>1. 6 m * 1. 50 * * 
Collect i on Me an 1. 88 1. 69 2 .09 1.96 
b . Richnes s 
Reference 1. 76 3 .01 2 .14 2 . 27 
0 . 0- 0 .1 m 1. 60 2 . 28 1. 70 2 . 80 
0 .1-0 . 3 m 1. 75 1. 29 0.90 1.15 
0 . 3- 0 . 9 m 2 . 23 1. 36 1. 26 1. 54 
0 . 9-1. 6 m * 1. 82 1. 26 1. 74 
>1.6 m * 1. 44 * * 
Colle ct i on Meap. 1. 88 1. 70 1. 41 1. 95 
c . Individual s / m2 
Refe r ence 3433 1 353 1780 2060 
0 . 0-0. 1 m 1847 2410 2500 1640 
0. 1-0 . 3 m 2303 1230 1760 1253 
0 . 3- 0 . 9 m 2256 55 7 2843 4460 
0 . 9-1. 6 m * 31 3 1344 1207 
>1. 6 m * 27 * * 
Coll ection Mean 2356 1141 2029 1764 
(Continue d) 
* No data . 
Table 12 (Concluded) 
Collection Period 
After Dis12osal 
Stratum Pre-012 1 day 3 weeks 3 months 
d . Evenne ss 
Refer ence o .43 0 . 63 o.66 0.57 
0 . 0-0 . 1 m o. 58 0 . 54 0.70 o.48 
0 . 1- 0. 3 m 0.51 0.52 o . 73 o.64 
0 . 3-0. 9 m 0.59 o.44 0.62 0.50 
0 . 9-1. 6 m * 0.56 0.65 0.62 
>1.6 m * 0 . 95 * * 
Collection Mean 0 . 53 0.56 0.67 0.57 
Species /0.15 2 e . m 
Re f er ence 12 17 13 14 
0 . 0- 0.1 m 10 14 11 16 
0.1- 0 . 3 m 11 8 6 7 
0. 3- 0.9 m 14 7 8 11 
0 . 9-1. 6 m * 8 8 10 
>1. 6 m * 3 * * 
Collection Mean 12 9 9 12 
* No dat a . 
Pre-Op 
1 day 
3 weeks 
Mean 
Stratum 
0.0-0. 1 m 
0.1-0.3 m 
0. 3-0.9 m 
0.9-1.6 m 
>1. 6 m 
Collection Mean 
Table 13 
Si milarity Between the Reference Site and the Disposal Shoal 
(a) Reference site onl y 
Quan ti tati ve 
Bray- Curtis coefficient X 100 
3 months 
68 
59 
79 
71 
After Dis.E_osal 
3 weeks 
71 
73 
1 day 
68 
Qualitat ive 
Di ce coefficient X 100 
After Disposal 
3 months 3 weeks 
69 72 
71 73 
82 
73 
(b) Average similarity of f luid mud stratum with reference site 
1 day 
69 
After Disposal After Disposal 
Pre-OI?_ 1 day 3 weeks 3 months Pre- Op 1 day 3 weeks 3 months 
72 58 70 69 64 53 62 68 
60 I 81 63 74 56 63 77 57 
66 40 I 56 65 46 65 64 73 
-- 52 71 66 -- 64 65 68 
-- 16 
-- --
-- 30 
73 52 73 66 70 52 64 64 

APPENDIX A: SPECIES TAKEN AT BENTHIC SITES 
1 J uly Pre-operat i on coll ection 
Site Cl 
Grab 
Taxon 1 2 ';) Tot a l .) 
Peloscolex freyi 2 2 4 
Branchiura sowerbyi 3 5 3 11 
Lirrmodrilus s pp . 146 107 119 372 
Lirrmodrilus hoffmeisteri 16 14 3 33 
I l yodri l us templetoni 1 7 20 20 57 
Naididae 1 1 
Corbicula manilensis ( >10 Illl11) 1 1 
Corbicula manilensis (<10 mm) 1 2 3 
Coelotanypus scapularis 8 1 2 20 
Procladius bellus 5 5 10 
Cryptochironomus 1 1 
Harnischia 2 2 
Si t e Al 
Gr ab 
Taxon 1 2 _ 3 Total 
Pe loscolex multisetosus 1 1 
Lirrmodrilus spp. 57 42 87 1 86 
Limnodrilus hoffmeisteri 12 7 22 41 
Lirrmodrilus profundicola 1 1 
Ilyodrilus t empletoni 27 14 11 52 
Corbicula manilensis (<10 mm) 5 6 3 14 
Gamrnarus fasciatus 1 1 
Chi ronomid sp. 2 1 1 
Coelotanypus scapularis 1 2 3 6 
Procladius be llus 5 1 6 
Cryptochironorrrus 1 1 2 
Polypedilum 1 1 
Harnischia 2 1 3 
Site A2 
Gr ab 
Ta xon 1 2 _ 3 Tot a l 
Hydrolimax grisea 3 3 
Peloscolex freyi 3 2 2 7 
Lirrmodrilus s pp . 52 59 55 1 66 
Lirrmodrilus hoffmeisteri 1 8 10 14 42 
Ilyodrilus templetoni 2 4 3 9 
Helobde lla e longata 4 4 
Corbicula manilensi s ( >10 mm) 1 1 2 
A2 
Site A2 (continue d) 
Grab 
Taxon 1 2 
_ 3 Total 
Corbicula manilensis ( <10 rmn) 22 48 lr6 116 
Rangia cuneata 1 1 
Sphaerium transversum 5 4 1 6 25 
Pisidium 1 1 
Gammarus fasciatus 1 1 
Coelotanypus scapularis 3 1 4 
Procladius bellus 1 2 3 
Chironomus 4 4 8 
Cryptochironomus 2 2 4 
Polypedilum 3 3 6 
Harnischia 1 1 
Stictochironomus devinctus 1 1 
Dicrotendipes nervosus 3 3 
Site A3 
Grab 
Taxon 1 2 _ 3 Total 
Limnodri lus spp . 30 14 79 1 23 
Limnodrilus hoffmeisteri 2 1 5 24 41 
Ilyodrilus templetoni 7 1 10 18 
Corbicula manilensis (<10 rmn) 26 30 35 91 
Sphaerium transversum 1 1 
Coelotanypus scapularis 6 3 9 
Cryptochironomus 1 2 3 
Polypedilum 1 1 
Harnischia 1 5 6 
Site A4 
Grab 
Taxon 1 2 _3 Total 
Tubificidae 3 3 
Peloscolex multisetosus 21 21 
Peloscolex freyi 2 2 
Limnodrilus spp. 76 23 68 167 
Limnodrilus hoffmeisteri 5 10 4 19 
Ilyodrilus templetoni 10 27 37 
Gastropoda 1 1 
Corbicula manilensis (>10 mm) 1 1 2 
Corbicula manilensis (<10 rmn) 16 5 3 2lr 
Odonata 1 1 
Coelotanypus scapularis 8 2 9 19 
Procladius be llus 8 2 8 18 
Cryptochironomus 2 2 4 
Harnischia 3 3 
A3 
Site A5 
Grab 
Taxon 1 2 _ 3 Total 
Limnodrilus spp . 101 57 1 3 lTl 
Limnodri l us hoffmeisteri 10 9 8 27 
Ilyodrilus temp l etoni 20 11 3 34 
Corbicu l a manilensis (<10 mm ) 7 14 1 22 
Sphaerium transversum 2 2 
Chaoborus punctipennis 1 1 
Coelotanypus scapularis 3 3 6 
Procladius be l lus 3 4 7 
Polypedilum 1 1 1 3 
Harnischia 3 1 4 
Site A6 
Grab 
Taxon 1 2 _]_ Total 
Tubifex 1 1 
Peloscolex multisetosus 1 1 
Branchiura sowerbyi 1 1 
Limnodrilus spp. 59 14 125 198 
Limnodrilus hoffmeisteri 6 5 1 5 26 
Ilyodrilus terrrpletoni 10 24 34 
Corbicula manilensis (<10 mm ) 1 8 9 
Coelotanypus scapularis 3 8 11 
Procladius bellus 2 4 6 
Cryptochironomus 1 1 
Polypedilum 1 1 
Harnischia 1 3 4 
Site A7 
Grab 
Taxon 1 2 _ 3 Total 
Limnodrilus spp. 18 86 83 187 
Limnodrilus hoffmeisteri 6 8 20 34 
Ilyodrilus templetoni 16 1 5 31 
Helobdella elongata l 1 
Corbicula manilensis (<10 mm ) 2 2 1 5 
Coelotanypus scapularis 5 2 7 
Procladius bellus 4 3 7 
Polypedilum 2 2 
A4 
Site A8 
Taxon 
LimnodriZus spp. 
LimnodriZus hoffmeisteri 
IZyodriZus tempZetoni 
CorbicuZa maniZensis (>10 mm) 
CorbicuZa maniZensis (<10 mm) 
CoeZotanypus scapuZaris 
ProcZadius beZZus 
Cryptochironomus 
Harnischia 
Site A9 
Taxon 
PeZoscoZex muZtisetosus 
LimnodriZus spp. 
LimnodriZus hoffmeisteri 
IZyodriZus tempZetoni 
CorbicuZa maniZensis (>10 mm) 
CorbicuZa maniZensis (<10 mm) 
Chaoborus punctipennis 
CoeZotanypus scapuZaris 
ProcZadius beZZus 
Chironomus 
Cryptochironomus 
PoZypediZum 
Harnischia 
1 
49 
2 
2 
1 
2 
2 
1 
1 
230 
26 
21 
8 
1 
5 
1 
1 
Grab 
2 
49 
1 3 
1 
3 
1 
1 
1 
Grab 
2 
80 
16 
15 
1 
4 
9 
5 
1 
2 
2 
1 
_]_ 
103 
24 
19 
8 
1 
2 
3 
2 
84 
1 3 
14 
4 
4 
2 
1 
1 
26 July first day after end of disposal collection 
Site C2 
Taxon 
Pe Zosco Zex freyi 
LimnodriZus spp. 
LimnodriZus hoffmeisteri 
IZyodriZus tempZetoni 
CorbicuZa maniZensis (>10 mm) 
CorbicuZa maniZensis (<10 mm) 
Sphaerium transversum 
Pisidium 
Ga.mmarus fasciatus 
Chaoborus punctipennis 
A5 
1 
4 
33 
7 
1 
3 
6 
1 
1 
Grab 
2 
1 
16 
2 
1 
26 
_ 3 
2 
48 
5 
1 
7 
1 
1 
1 
Total 
201 
39 
21 
1 
1 2 
2 
5 
2 
1 
Total 
3 
394 
55 
50 
1 
16 
1 
1 3 
12 
1 
4 
3 
2 
Total 
7 
97 
14 
3 
3 
39 
1 
1 
1 
2 
Site C2 (continued ) 
Grab 
Taxon 1 2 3 Total 
Chironominae sp. 1 1 1 
Chironominae sp . 2 1 1 
Coelotanypus scapularis 8 1 6 15 
Procladius bellus 4 5 9 
Chironorrrus 1 1 
Cryptochironorrrus 6 6 
Harnischia 2 2 
Site Sl 
Grab 
Taxon 1 2 _ 3 Total 
Limnodrilus spp. 16 11 27 
Limnodrilus hoffmeisteri 12 2 14 
Ilyodrilus templetoni 1 1 
Corbicula manilensis (>10 mm) 1 1 
Corbicula manilensis (<10 mm) 1 1 
Chaoborus punctipennis 1 1 
Coelotanypus scapularis 1 1 
Procladius bellus 1 1 
Site 82 
Grab 
Taxon 1 2 _3 Total 
Branchiura sowerbyi 1 1 
Limnodrilus spp. 30 11 29 70 
Limnodrilus hoffmeisteri 9 4 3 1 6 
Ilyodrilus templetoni 1 2 5 8 
Odonata 1 1 
Chaoborus punctipennis 2 2 
Coelotanypus scapularis 3 2 5 
Procladius bellus 1 1 
Site S3 
Grab 
Taxon 1 2 _3 Total 
Limnodrilus spp. 27 20 32 79 
Limnodrilus hoffmeisteri 14 9 13 36 
Ilyodrilus templetoni 2 2 
Corbicula manilensis (<10 mm) 6 6 
Chaoborus punctipennis 2 2 
Coelotanypus scapularis 2 1 3 
A6 
Site s 4 
Grab 
Taxon 1 2 3 Total 
--
PeZoscoZex rrruZtisetosus 3 2 5 
LirrrnodriZus spp. 70 44 93 207 
LirrrnodriZus hoffmeisteri 12 15 15 42 
I ZyodriZus terrrpZetoni 10 5 20 35 
HeZobdeZZa eZongata 2 2 
CorbicuZa maniZensis (<10 mm) 3 6 9 
Sphaerium transver sum 1 1 
Cyclorrahapha l arvae 1 1 
CoeZotanypus scapuZaris 3 1 1 3 17 
Tanypus neopunctipennis 1 1 
Harnischia 2 2 
Site S5 
Grab 
Taxon 1 2 _ 3 Total 
PeZoscoZex rrruZtisetosus 1 1 
PeZoscoZex freyi 2 5 1 8 
LirrrnodriZus spp . 36 66 37 1 39 
LirrrnodriZus hoffmeis t eri 4 13 11 28 
IZyodriZus t errrpZetoni 1 5 3 9 
Naididae 1 1 
HeZobde ZZa eZongata 3 2 5 
CorbicuZa maniZensis ( >10 mm) 1 3 4 
CorbicuZa maniZensis (<10 mm) 3 120 16 1 39 
Rangia cuneata 1 1 
Sphaerium transversum 1 1 
Gammarus fa sciatus 7 1 8 
Tricopteran A 1 1 
Tricopteran B 1 1 
Chaoborus punctipennis 1 1 
Coe Zotanypus scapuZaris 1 1 
Dicrotendipes nervosus 52 52 
Psectroc Zadius 1 1 
Site S6 
Grab 
Taxon 1 2 _3 Tota l 
LirrrnodriZus spp . 62 46 31 1 39 
LirrrnodriZus hoffmeisteri 11 1 3 1 5 39 
IZyodriZus t empZetoni 10 5 1 5 
CorbicuZa maniZensis (>10 mm) 1 1 
CorbicuZa maniZensis ( <1 0 mm) 5 7 12 
Sphaerium transversum 1 1 
Chaoborus punctipennis 2 1 3 
A7 
Site S6 (continued) 
Grab 
Taxon 1 2 _ 3 Tot al 
CoeZotanypus scapuZaris 9 8 1 5 32 
ProcZadius beZ Zus 1 2 3 
Po ZypediZwn 4 4 
Hamischia 1 1 
Site S7 
Gr ab 
Taxon 1 2 3 Total 
LimnodriZus spp . 63 52 1 3 1 28 
LimnodriZus hoffmeisteri 24 1 9 1 5 58 
LimnodriZus profundicoZa 1 1 1 3 
IZyodriZus tempZetoni 1 2 8 2 22 
CorbicuZa maniZensis (<10 mm ) 2 2 
Chaoborus punctipennis 2 1 3 
CoeZotanypus scapuZaris 1 4 5 
Tanypus neopunctipennis 1 1 
Site S8 
Grab 
Taxon 1 2 _ 3 Total 
LimnodriZus spp . 56 59 115 
LimnodriZus hoffmeisteri 1 3 8 1 2 
IZyodriZus tempZetoni 1 1 
CorbicuZa maniZensis (<10 mm ) 3 3 1 7 
Chaoborus punctipennis 1 1 
CoeZotanypus scapuZaris 2 2 
Site S9 
Gr ab 
Taxon 1 2 _]_ Tot a l 
LimnodriZus spp. 24 24 5 53 
LimnodriZus hoffmeisteri 2 2 
IZyodriZus tempZetoni 3 2 5 
CorbicuZa maniZensis (<10 mm) 1 1 
Cyclorrahapha l arvae 1 1 
ProcZadius beZZus 1 1 
A8 
Site SO 
Taxon 
Lirrmodrilus spp. 
Corbicula manilensis (<10 mm) 
Chaoborus punctipennis 
1 
1 
2 
Grab 
2 
1 
13 August 3 weeks after di sposal collection 
Site C3 
Taxon 
Peloscolex freyi 
Branchiura sowerbyi 
Lirrmod:r'ilus spp. 
Lirrmod:r'ilus hoffmeisteri 
Ilyod:r'ilus templetoni 
Corbicula manilensis (<10 mm) 
Sphaerium transversum 
Pisidium 
Chaoborus punctipennis 
Coelotanypus scapularis 
Procladius be llus 
Polypedi lum 
Harnischia 
Site Bl 
Taxon 
Pe losco l ex freyi 
Lin:rnodrilus spp . 
Lirrmodrilus hoffmeisteri 
Ilyodrilus templetoni 
Corbicula manilensis (>10 mm) 
Corbicula manilensis (<10 mm) 
Coelotanypus scapularis 
Harnischia 
Site B2 
Taxon 
Peloscolex multisetosus 
Lirrmodrilus spp . 
Lirrmod:r'ilus hoffmeisteri 
A9 
1 
40 
12 
3 
19 
9 
15 
1 
3 
1 
8 
2 
1 
1 
2 
80 
25 
Grab 
2 
35 
11 
1 
8 
1 
1 
15 
5 
5 
Grab 
2 
67 
82 
22 
1 
11 
9 
1 
Grab 
2 
8 
3 
_3 
_ 3 
1 
1 
46 
9 
6 
8 
8 
1 
1 
2 
_3 
1 
31 
12 
1 
5 
3 
1 
11 
1 
Total 
1 
2 
1 
Total 
1 
1 
121 
32 
10 
35 
9 
1 
1 
38 
7 
1 
10 
Total 
1 
106 
94 
25 
1 
17 
9 
1 
Tot al 
3 
99 
29 
Site B2 (continued) 
Grab 
Taxon 1 2 _ 3 Total 
Ilyodrilus templetoni 1 1 
Corbicula manilensis ( <10 rnm ) lr6 9 2 57 
Coelotanypus scapularis 9 9 
Harnischia 1 1 
Site B3 
Grab 
Taxon 1 2 _ 3 Total 
Pe Zosco lex freyi 1 1 
Limnod:t'ilus spp. 8 46 19 73 
Limnodrilus hoffmeisteri 10 11 7 28 
I l yodri l us terrrpletoni 10 1 11 
Corbicula manilensis (<10 mm ) 26 3 29 
Cyclorrahapha l arvae 1 1 
Coelotanypus scapularis 2 5 1 8 
Procladius bellus 1 1 
Site B4 
Gr ab 
Taxon 1 2 _3 Total 
Peloscolex multisetosus 1 1 5 7 
Limnodrilus spp. 22 64 1 36 222 
Lirrmodri lus ho f fmeis teri 5 26 30 61 
I l yodrilus terrrpletoni 6 10 21 37 
Corbicula manilensis (<10 mm ) 9 74 112 195 
Gammarus fasciatus 3 3 
Coelotanypus scapularis 1 13 10 24 
Procladius bellus 1 1 
Site B5 
Grab 
Taxon 1 2 3 Total 
---
Peloscolex multisetosus 1 1 5 7 
Limnodrilus spp. 43 47 75 165 
Limnod:t'ilus hoffmeisteri 18 33 40 91 
Limnodrilus cervix 14 4 16 34 
Ilyodrilus terrrpletoni 21 11 34 66 
Corbicula manilensis (<10 mm) 5 9 19 33 
Gammarus fasciatus 6 2 20 28 
Coelotanypus scapularis 3 3 
Coelotanypus concinnus 1 1 
Cryptochironomus 1 1 
AlO 
Site B6 
Gr ab 
Taxon 1 2 _ 3 Tot al 
--
Limnodri'lus spp. 55 73 62 190 
Limnodri'lus hoffineisteri 2 5 7 14 
I'lyodri'lus terrrp'letoni 6 2 1 9 
Corbicu'la mani'lensis (<10 mm) 15 9 24 
Gammarus fasciatus 5 5 
Chaoborus punctipennis 2 1 3 
Coe'lotanypus scapu'laris 30 16 46 
Proc'ladius be'l'lus 1 1 
Harnischia 5 5 1 11 
Site B7 
Grab 
Taxon 1 2 _]_ Tot al 
--
Limnodri'lus spp. 1 104 39 144 
Limnodri'lus hoffmeisteri 27 8 35 
I'lyodri'lus terrrp'letoni 6 6 
Corbicu'la mani'lensis (<10 mm) 16 14 30 
Coe'lotanypus scapu'laris 27 17 44 
Harnischia 3 2 5 
Site B8 
Grab 
Taxon 1 2 _ 3 Total 
Pe'losco'lex mu'ltisetosus 1 1 
Limnodri'lus spp. 36 35 57 128 
Limnodri'lus hoffmeisteri 3 23 15 41 
I'lyodri'lus terrrp'letoni 9 9 7 25 
Corbicu'la mani'lensis (>10 mm) 1 1 2 
Corbicu'la mani'lensis (<10 mm) 26 3 46 75 
Sphaerium transversum 2 2 4 
Chaoborus punctipennis 1 1 
Coe'lotanypus scapu'laris 12 6 17 35 
Proc'ladius be'l'lus 1 1 2 
Po'lypedi'lum 1 1 
Harnischia 5 1 6 
All 
L 
20 October 3 months after disposal collect i on 
Site c4 
Grab 
Taxon 1 2 _3 Total 
Branchiura sowerhyi 3 2 5 
LimnodriZus spp. 56 55 58 169 
LimnodriZus hoffmeisteri 12 2 14 
IZyodriZus terrrpZetoni 1 8 9 
Corhicula maniZensis ( <10 mm) 9 13 4 26 
Pisidium 2 2 4 
Chaohorus punctipennis 3 3 
CoeZotanypus scapuZaris 1 9 15 31 65 
ProcZadius heZZus 2 2 
Chironomus 1 1 2 
Cryptochironomus 1 1 
PoZypediZum 1 2 3 
Harnischia 4 1 5 
Dicrotendipes nervosus 1 1 
Site Ll 
Grab 
Taxon 1 2 _3 Total 
PeZoscoZex rrruZtisetosus 5 1 6 
LimnodriZus spp . 53 62 99 214 
LimnodriZus hoffmeisteri 3 6 8 17 
IZyodriZus terrrpZetoni 5 5 
HeZohdeZZa eZongata 3 2 2 7 
VaZvata sincera 1 1 
Ferrissia 3 3 
EZZiptio corrrpZanata 1 1 
Corhicu Za maniZensis (>10 mm) 1 1 
CorhicuZa maniZensis ( <10 mm) 26 13 13 52 
Rangia cuneata 1 1 
Hexagenia mingo 1 1 
Coleoptera 1 1 
Chironomidae 1 1 
CoeZotanypus scapuZaris 3 3 
ProcZadius heZZus 1 1 
Chironomus 1 1 2 
Cryptochironomus 1 1 
Dicrotendipes nervosus 3 3 
AhZehesrrryia sp. E 1 1 
Al2 
Site L2 
Grab 
Taxon 1 2 _3 Total 
Branchiura sowerbyi 2 2 
Lirrmodrilus spp . 17 55 35 107 
Lirrmodrilus hoffmeisteri 2 2 4 
Ilyodrilus terrrpletoni 7 5 12 
Helobdella elongata 1 1 
Corbicula manilensis (<10 mm) 4 9 9 22 
Chaoborus punctipennis 1 1 1 3 
Coe lotanypus scapularis 8 6 14 
Chironomus 1 1 
Cryptochironomus 1 1 
Polypedilum 2 2 
Harnischia 1 1 
Site L3 
Grab 
Taxon 1 2 _3 Tot al 
Lirrmodrilus spp . 18 10 6 34 
Lirrmodrilus hoffmeisteri 2 2 
Ilyodrilus t errrple toni 1 1 
Corbicula manilensis (<10 mm) 3 8 2 1 3 
Chaoborus punctipennis 1 1 1 3 
Coelotanypus seapularis 16 17 7 40 
Cryptochironomus 3 3 
Harnischia 2 5 7 
Site L4 
Grab 
Taxon 1 2 __J Total 
Lirrmodrilus spp . 43 47 35 125 
Lirrmodrilus hoffmeisteri 1 1 2 4 
Ilyodrilus templetoni 1 9 10 
Corbicula manilensis (<10 mm) 8 13 23 44 
Chaoborus punctipennis 2 4 6 
Chironomidae 1 1 
Coelotanypus scapularis 1 14 21 36 
Chironomus 1 1 2 
Cryptochironomus 1 1 
Harnischia 3 3 6 
Al3 
Site 15 
Grab 
Taxon 1 2 _ 3 Total 
PeZoscolex freyi 1 l 
Branchiura sowerbyi 5 5 
LimnodriZus spp. 32 31 50 113 
LimnodriZus hoffmeisteri l l 2 4 
IZyodriZus terrrpZetoni 1 1 2 
Corbicuia maniZensis (<10 mm) 10 25 35 70 
Sphaerium transversum 2 2 
Chaoborus punctipennis 1 3 1 5 
Chironomidae l 1 
CoeZotanypus scapuZaris 28 15 7 50 
J>rocZadius beZZus 2 2 
Chironomus l 1 2 
Cryp-tochironomus l 2 3 
Harnischia 2 4 6 
Site 16 
Grab 
Taxon 1 2 _ 3 Total 
Limnodri Zus spp. 34 33 14 81 
LimnodriZus hoffmeisteri 2 7 9 
IZyodriZus templetoni 7 2 9 
Corbicuia maniZensis (<10 mm) 6 6 12 
Hexagenia mingo 2 2 
Chironomidae 1 1 
Coefotanypus scapuZar•is 2 3 5 
AbZebesmyia sp . E 1 1 
Site 17 
Gr ab 
Taxon 1 2 _ 3 Tota l 
PefoscoZex freyi 2 1 3 
LimnodriZus spp . 87 56 258 401 
LimnodriZus hoffmeisteri 19 9 1 5 43 
LimnodriZus cervix 14 1 3 34 61 
IZyodriZus terrrpZetoni 2 1 2 5 
Corbicuia maniZensis (<10 mm) 33 34 76 143 
Chironomidae 1 1 
J>rocZadius beZZus 1 1 
Cryptochironomus 1 1 4 6 
Po Zypedi Zwn 1 1 2 
Dicrotendipes nervosus 1 2 3 
Al4 
Site L8 
Grab 
Taxon 1 2 ~ Total 
Lirrmodrilus spp. 74 34 4 112 
Ilyodrilus templetoni 13 6 lr 23 
Corbicula manilensis (<10 mm) 17 8 4 29 
Odonata 1 1 
Coelotanypus scapularis 5 6 11 
Cryptochironomus 2 2 
Polypedilum 6 4 10 
Al5 

APPENDIX B: TAXONOMIC LIST OF ALL BENTHIC SPECIES 
Phylwn: Platyhelminthe s 
Clas s : Turbellaria 
Family: 
Phylwn: Mollusca 
Class: Pelecypoda 
Family: 
Class: 
Family: 
Family: 
Family: 
Gastropoda 
Family: 
Family: 
Phylwn: Annelida 
Plagiostomidae 
HydroZimax grisea Haldeman 
Corbiculidae 
Cor•hicuZa maniZensis (Phillippi) 
Sphaeriidae 
Sphaeriwn transverswn 
Pis'i,d-ium sp. 
Mactr i dae 
Rangia cuneata Sowe rby 
Unionidae 
EZZiptio compZanata Lightfoot 
Ancylidae 
Ferrissia sp. 
Va lvatidae 
VaZvata sincera Say 
Clas s : Oli gochae t a 
Family: Tubificidae 
Tuhifex sp. 
Branchiura sowe1~hyi Beddard 
IZyodriZus tempZetoni (Southern) 
LimnodriZus cervix Brinkhurst 
LimnodriZus hoffmeisteri Claparede 
LimnodriZus profundicoZa Smith 
LimnodriZus spp. 
PeZoscoZex muZtisetosus Brinkhurst 
PeZoscoZex freyi Brinkhurst, 1965 
Family: Naididae 
Class : Hirudinea 
Family: Piscicolidae 
HeZobdeZZa eZongata (Castle) 1899 
Phylwn: Arthropoda 
Class: Crustacea 
Order: Amphipoda 
Family: Gammaridae 
Gammarus fasciatus Say 
Class: Insecta 
Order: Ephemeroptera 
Family : Ephemeridae 
Hexagenia mingo Walsh 
B2 
Phylum: Arthropoda (continued ) 
Order: Tr icopter a 
Order: Odonata 
Order: Diptera 
Suborder: Cyclorrahapha 
Cyclorrahapha larvae 
Family: Culcidae 
Chaoborus punctipennis Lichtenstein 
Family: Chironomidae 
Order: Coleoptera 
Chironomid sp. 1 
Chironomid sp . 2 
Ablebesmyia sp. E Roback 
Chironomus spp. 
Coelotanypus scapularis (Loew) 
Coelotanypus concinnus (Coquillett) 
Cryptochironomus spp . 
Dicrotendipes nervosus (Staeg .) 
Polypedilum spp. 
Procladius bellus (Loew) 
Stictochironomus devinctus (Say) 
Tanypus neopunctipennis 
Psectrocladius sp . 
Harnischia spp. 
Coleopteran larvae 
B3 
I 
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